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ACETYLCHOLINE AND THE PULMONARY CIRCULATION 
IN MITRAL VALVULAR DISEASE 


BY 


BROR SODERHOLM AND LARS WERKO* 


From the Department of Clinical Physiology and the First Medical Service, Sahlgrenska Sjukhuset, University of 
Goteborg, Sweden 
Received March 17, 1958 


Pulmonary hypertension can be due either to transmission of increased left atrial pressure 
(passive pulmonary hypertension), to increased pulmonary blood flow (hyperkinetic pulmonary 
hypertension), or to increased pulmonary vascular resistance caused by increase in vascular tone 
(active pulmonary hypertension) or by anatomical narrowing of the vascular bed. In mitral 
stenosis most of the patients have passive pulmonary hypertension but in 10-20 per cent of those 
studied by means of heart catheterization the pulmonary arterial pressure is increased out of propor- 
tion to the height of the left atrial pressure with a low cardiac output. This has been interpreted 
as due to active constriction of the small pulmonary arteries in an effort to protect the capillaries 
from the high pressure (protective pulmonary hypertension). 

The rapid injection of 1-2 mg. of acetylcholine in the pulmonary artery of patients with a variety 
of heart disorders, notably mitral stenosis with pulmonary hypertension, sometimes lowered 
the pulmonary artery pressure, indicating the functional nature of the increased pulmonary 
arterial pressure (Harris 1957). 

Fritts et al. (1958) have demonstrated that the increase of pulmonary arterial pressure that is 
caused by breathing a gas mixture with low oxygen content can be abolished by a simultaneous 
infusion of acetylcholine in a dose sufficiently small to be destroyed before it reaches the general 
circulation: in this way the influence of acetylcholine on the peripheral vascular bed is avoided. 
In order to investigate the nature of the pulmonary hypertension in mitral stenosis, Wood et al. (1957) 
used acetylcholine to differentiate between functional and anatomical changes. They gave 1-0- 
2:0 mg. acetylcholine rapidly in the pulmonary artery to nine cases of mitral stenosis with active 
pulmonary hypertension and found a decrease of pressure with unchanged cardiac output: at the 
same time the left atrial pressure increased somewhat. This was used as evidence that the pul- 
monary hypertension was protective and at least initially of a functional nature. 

The present study was undertaken in view of the importance of the nature of pulmonary hyper- 
tension in those cases of mitral stenosis referred to operation. To test the validity of the theory 
of the protective nature of the increased pressure, the influence of an infusion of acetylcholine on 
pulmonary pressures and blood flow was studied both at rest and during exercise in a way that 
insured steady state conditions. 


METHODS 


The patients were studied in the morning, recumbent and in the post-absorptive state. The pulmonary 
artery was catheterized according to Cournand. A double lumen catheter was always used. A polyethylene 
catheter was placed in the brachial artery. After these procedures were completed the patient rested for 
approximately 30 minutes. Pressures were then recorded in the wedge position, in the pulmonary artery, 
the right ventricle and auricle, and the brachial artery. Cardiac output was determined according to the 


* Aided by a grant from the National Foundation against Tuberculosis and other chronic diseases, Stockholm. 
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direct Fick principle, with simultaneous collection of expired air and sampling of pulmonary arterial and 
brachial arterial blood. The oxygen content in the air was determined on a Haldane apparatus and in the 
blood with a Beckman photometer. 

After the basal observations had been made acetylcholine was infused in the pulmonary artery under 
continuous recording of blood pressures. The dose was increased until some effect was noted on the 
pulmonary arterial pressure (3 to 14-5 mg./min.). During constant infusion of this dose the cardiac 
output was again determined and pressures registered, after which the infusion was interrupted. 

After 10-15 minutes of rest, still in the recumbent position, an exercise test was done using an electrically 
braked bicycle. The patient usually performed about 100kg./min. When a steady state had been reached 
(after 5-7 min.) pressures were recorded and the cardiac output determined. With the patient continuing 
the exercise, the acetylcholine infusion was again started using the same amount of acetylcholine as the 
highest previous dose. The cardiac output was then again determined and blood pressures registered. 
After that, the exercise was interrupted and the infusion stopped. In some patients the study was ended 
with another cardiac output determination. 

Pressures were recorded using an Elema strain gauge, and mean pressure was obtained with electrical 
integration. In three patients the carbon dioxide partial pressure was determined in the arterial blood, 
using a modified Astrup technique.* 


The physical characteristics of the patients are listed in Table I. Each had been referred to 
the hospital for evaluation of operability. Subject 18/57 was found to have pure mitral 
regurgitation at operation. 


TABLE I 
CLINICAL DATA OF 13 PATIENTS WITH MITRAL VALVULAR DISEASE 











Case No. | Sex | Age | BSA | Heart volume | Group* Diagnosis 
m2 m2 BSA 
18/57 F 36 1:74 930 Ill MI AF 
20/57 F 46 1-71 520 II MI+MS AF 
37/57 M 46 | 2:06 800 II MS+AS SN 
41/57 F 48 1-54 780 II MS AF 
42/57 F 50 1-75 650 II MS SN 
46/57 F 54 1-75 500 II MS AF 
47/57 F 43 1-67 810 | II MS+AS 
50/57 F 45 1-77 570 II MI+MS AF 
56/57 M 46 1-62 690 Ill MS-+Spondylarthritis SN 
58/57 F 37 1:86 490 II MS+MI SN 
4/58 F 41 1:75 710 III MS AF 
6/58 M 44 1-59 500 II MS SN 
8/58 F 55 1-59 610 Il MS AF 
MS=Mitral stenosis. SN=Sinus rhythm. 
MI=Mitral insufficiency. AF=Artrial fibrillation. 


AS=Aortic stenosis. 


* Classification according to the American Heart Association. 


RESULTS 


Table II gives the figures for blood flow, oxygen saturation, and blood pressures at rest and 
during infusion of acetylcholine in varying amounts. The cardiac output stayed the same or rose 
somewhat, the oxygen saturation and the pressure in the pulmonary artery decreased, usually with no 
change of heart rate or brachial arterial pressure. 

Table III contains the same data during exercise before and during the infusion of acetylcholine. 
The cardiac output varied only slightly with no change in brachial arterial pressure, but with a 
decrease in arterial oxygen saturation and pulmonary arterial pressures. 


* Ass. Prof. S. Stenhagen helped us with these determinations. 






- 


a cq) 


a oO 





ACETYLCHOLINE AND THE PULMONARY CIRCULATION 


TABLE II 


RESPIRATORY AND CARDIAC DATA BEFORE, DURING, AND AFTER A CONSTANT INFUSION OF ACETYLCHOLINE AT REST 

































































Case No. Heart rate Vo> A-Vo> CO Sao, Ppa Ppa_ A. chol. dose*) PCV 
~ 18/57 B 116 0-239 81 3-0 96-7 80 | 116 oe 17 
D 115 0-217 73 3-0 98-0 46 ‘Ill 11-5 
D 100 0-230 64 3-6 94-4 47 | 109 14-5 
~ 20/57 B 110 0-240 53 4-5 970 | 29 123 es 
118 es a she 94-2 31 128 6-5 
D 110 0-231 56 4-1 94-3 29 | 130 12 
D 110 a9 ae vis 92-9 28 | 127 14-5 
37/57 B 80 0-313 48 6-5 96-6 37 94 = a 
D 78 “ ait pi 92:8 33 82 8 
D 14 oA 42 a 84-5 30 84 12 
A 10 ni am a 95-7 33 87 “a 
~ 41/57 B 7 | O212 56 3-8 95-0 41 101 — |n 
D 84 0:225 52 43 91-5 34. | 107 45 
D 85 0-211 56 38 90-4 39 «110 65 
A 78 0-217 60 3-6 96-4 41 108 oi 
42/57 «| =B 16 0-235 46 5-1 95:1 siws|; —-— | 
D 110 0-233 38 61 16-9 22 | 101 4 
A 16 0-228 49 47 95-9 31 110 us 
~ 46/57 B 63 0-197 37 5:3 98-5 climi oo. =«6|l oe 
D 68 as ie 93-7 18 | 105 3-5 
D 14 0-205 36 5-7 89-8 20 95 65 
A 68 0-198 42 4-7 99-8 18 94 et 
47/57 «| ~sO=#B 10 0-235 49 48 96-9 2 ~s«18 a rT 
D 2 0-225 52 43 95-0 21 108 45 
~ 50/57 B 10 0199 45 4-4 97-0 24 93 a0 22 
D 83 0-214 41 5-2 95-9 22 83 2-5 
56/57 | ~B 78 0230 | 51 4-5 94-6 23 84 ait 14 
D 10 0-244 48 5-1 92-0 14 87 3-2 
598/57 | B | 8S | 0285 | 50 5-7 97-1 45 95 — | 27 
D 84 0:295 46 6-4 93-4 31 84 8-0 24 
“Mean | B | 82. | 0-239 52 4-8 96-7 34:5. 103 le 18 
D 86 0-232+ 48 4-8+ 90-7 275, 99 14 fe 
Pvaues | | 
for diff. | B-D  >0-05 >0-05 | >0-05 >005 0001 005 >0-05 
Vo,=Oxygen uptake STPD Ppa=Mean pulmonary artery pressure *= Values representing the 
A-Vo,=Arterio-venous oxygen difference Pg, —=Mean brachial artery pressure highest dose of acetyl- 
CO=Cardiac output PCV=Pulmonary capillary venous pressure choline with complete 
Sao,=Arterial oxygen saturation B=Before D=During hemodynamic study 
A=After acetylcholine infusion +=Only 9 observations 


Table IV gives the result from three patients where the carbon dioxide partial pressure was 
determined in the arterial blood under the same circumstances. There was usually a slight decrease 
in the carbon dioxide partial pressure when acetylcholine was infused. 

The data presented in Tables II-IV indicate a more pronounced effect of acetylcholine during 
light work than at rest. However, there is no difference as to the trends in the various components 
investigated and the discussion will be limited to the effects during exercise. The immediate 
response to acetylcholine is shown in Fig. 1. The delay observed is mainly due to incomplete filling 
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TABLE III 


RESPIRATORY AND CARDIAC DATA, DURING EXERCISE, BEFORE AND DURING A CONSTANT INFUSION OF ACETYLCHOLINE 
























































Case No. Heart rate Vo> A-Vo> co Sao, Ppa Ppa A. chol. dose 
18/57 | B | 150 0-530 144. 3-7 99-2 86 86 es 
D 152 0-539 119 4:5 93-0 63 83 14-5 
20/57, =B| 160.—~Ss«O- 708 117 | 60 96:9 42. 126 7 
D 142 0-586 107 5°5 96:1 29 127 14-0 
37/57 | «SB O|~Ss«100 0-704 7 | 90 95-2 49. 103 Sins 
D 100 0-703 73 9-6 88-7 xT 95 6:0 
4/57 —OoiBSSCts«dC28 0-459 12) 4 96-6 63 | 113 iis 
D 132 0-417 91 4-6 88-7 52 105 3-5 
42/57 | B 116 0-555 9 | 70 94:8 49 «115 7 
D 140 0-515 64 8-0 80-4 32 117 3°5 
46/57 | B | 2 | 0-547 88 | 62 99-0 43. «123 a 
D 121 0-703 94 7°5 97-6 32 112 3-5 
47/57 | BO O|CtéG 0-414 93 | 45 96-4 46 120 7 
D 106 0-573 93 6:2 94-4 36 121 4:5 
50/57 si&BS 2 | 0396 | 67 | 59 97-1 38 | 103 f 
D 80 0-396 67 5-9 95:3 33 106 2:5 
56/57 | BONO 0-764 % | 80 95:5 48 100 [ 
D 110 0-760 103 7:4 93-1 42 97 4:5 
58/57 «=3=B | O124.—s«d|:Ss«é573 80 | 72 98-1 67 96 
D 115 0-561 68 8-3 86-0 52 115 8-0 
Mean  B | 116 | 0-565 9 | 62 96-9 53 110 a 
D 120 0-575 88 6:8 91:3 41 108 
P values 
for diff. B-D >0-05 >0-05 >0-05 0-01 0-001 0-001 | >0-05 
Vo,=Oxygen uptake STPD _ Ppa=Mean pulmonary artery pressure B=Before 
A-Vo,=Arterio-venous oxygen difference Ps, = Mean brachial artery pressure D=During 
CO=Cardiac output PCV =Pulmonary capillary venous pressure A=After acetylcholine in- 
Sao,=Arterial oxygen saturation fusion 


of the catheter with acetylcholine solution at the start. In those eight cases where continuous 
records were taken during the first minutes of acetylcholine infusion, the values representing the 
Ist and 5th minutes of infusion were chosen to illustrate the immediate response to acetylcholine. 
These data are presented as means in Fig. 2. 

The pressure in the pulmonary artery shows a highly significant decrease during acetylcholine 
infusion. This pressure decrease is out of proportion to the very slight decrease in pulmonary 
capillary venous pressure found in Cases 4 and 6/58. These findings correspond closely to those 
reported by Fritts et a/. (1958) in normal subjects during hypoxia. 

Both at rest and work the cardiac output tends to increase during acetylcholine infusion. This 
tendency is barely significant at rest but during work would occur by chance less often than | in 100 
times. At the same time the arterio-venous oxygen difference tends to decrease but this change is 
not statistically significant (p>0-05). 

Heart rate is apparently not affected by acetylcholine infusion (p>0-05 both at rest and during 
work). However, in those cases where the oxygen saturation decreased to below 85 per cent, the 
heart rate increased but the observations were too few to be significant. 
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TABLE IV 


RESPIRATORY AND CIRCULATORY DATA IN 3 PATIENTS WITH MITRAL STENOSIS AT REST, DURING EXERCISE, BEFORE AND 
DURING THE INFUSION OF ACETYLCHOLINE 


























Case No. Heart rate | Vo, | A-Vo; CO} Sao, | Ppa | Ppa | Acetyl- § PCV) PaCo, | Vp/Vr 
7 diff. - choline scl 
mg./min. | 
4/58 Rest 84 0-236 56 4:2 | 99-7 29 | 136 — 19 37:0 26 
78 — — — |} 98:4 | 24 145 | 4:5 14 ap ae 
80 0-250 58 43, 99-0 23 Reo | 8-0 14 37°5 27 
B 190 0-521 116 45) 98-4 45 135 —~ 26 32°8 14 
Ex. 
D 196 0-511 105 49 | 98-4 44 114 | 8-0 21 30-6 12 
"658 +B | 75 |0231| 38 |61| 982 | 17 | 99| — 1 | 482 | 47 
Rest | 
D 82 0-238 41 5-8 | 97:3 11 86 4:5 9 47-0 50 
B 106 0-696 88 7:9 | 99-2 Zz | 35 — 14 52-0 34 
Ex. 
D 125 0-783 81 9:7 | 97-4 18 98 $5 13 43-5 26 
9/58 + #B 78 | 0192, 47 |41| 977 | 19 | 109) — 9 | 490 | 41 
Rest 
D 78 0-189 42 45| 91-9 17 112 5°5 9 42°5 37 
B 121 0-686 108 6:4 | 94-0 51 122 — 29 45:1 29 
Ex. 
D 127 0-679 96 71) 94-2 40 111 5°5 29 41:2 22 
Vo,=Oxygen uptake STPD Ppa=Mean pulmonary artery pressure B=Before 
A-Vo,=Arterio-venous oxygen difference Pg 4—Mean brachial artery pressure D=During 
CO=Cardiac output PCV=Pulmonary capillary venous pressure A=After acetylcholine in- 
Sao,=Arterial oxygen saturation fusion 


The effect on the pulmonary ventilation and arterial oxygen saturation contrast with each other. 
Though the ventilation increases slightly (p=0-05-0-01) at a constant oxygen consumption, the 
arterial oxygen saturation decreased markedly (p=0-001). The data in Table IV indicate rather a 
hyperventilation as shown by the ratio of the dead space ventilation to total ventilation. 

These data can be compared to the results during hypoxia and room air breathing reported by 
Fritts et al. (1958). In their cases no change in pulmonary ventilation could be observed, but during 
hypoxia there was an increased desaturation of the arterial blood. 


DISCUSSION 


Infusion of acetylcholine in the pulmonary artery of patients with mitral stenosis caused a de- 
crease of pulmonary arterial pressures both at rest and during exercise. The present study thus 
confirms the findings of Harris and of Wood et al. that the pulmonary arterial blood pressure can 
be lowered by acetylcholine in certain cases. In our cases, however, the effect was equally well 
demonstrated in patients with an almost normal pulmonary artery pressure at rest, when the investi- 
gation was repeated during light exercise. Thus there seems to be no fundamental difference as 
regards the action of acetylcholine between cases with a high or normal pulmonary artery pressure 
as postulated by Harris. We could further demonstrate that the cardiac output usually increased, 
when it was measured under steady state conditions, thus confirming a decrease in pulmonary 
vascular resistance after acetylcholine. It is, however, impossible from our data, as well as from 
those of Wood or Harris, to know if this decrease is due to counteraction of the drug against the 
mechanism that increases the pressure during the evolution of the disease. 
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Fic. 1.—Blood pressure in the brachial and pulmonary artery in Case No. 42/57 recorded with 
lead II when the infusion of 3-5 mg. acetylcholine/min. starts. 


The increase of pulmonary arterial pressure and of pulmonary vascular resistance during exercise 
in patients with mitral stenosis, which has been demonstrated by several authors, has sometimes been 
thought to be due to increased vascular tone. In the present study this increase in pressures could 
be counteracted to a certain degree by the administration of acetylcholine. There was, however, 
never complete suppression of pressure rise during these conditions. The increase in pressure in 
the pulmonary artery during exercise, remaining during the infusion of acetylcholine, may be due 
partly to the increased heart rate causing a decrease in the filling time of the left ventricle, i.e. a 
passive pulmonary hypertension and partly to a constriction of the pulmonary vascular bed. The 
degree of each component cannot be quantitatively estimated at present. 

There are in the present study findings to indicate that the action of acetylcholine is not solely 
a counteraction against an active increase in vascular tone of the pulmonary circuit. The demon- 
stration that acetylcholine gave a rapid decrease of the arterial oxygen saturation, both at 
rest and during exercise, is a new finding of importance for the evaluation of its action on the 
lungs. This change in arterial oxygen saturation must be due to a shift in the ventilation—perfusion 
ratio of the lungs. This could be caused by an increase in dead space ventilation or to increase of 
intrapulmonary shunts (increased blood flow through poorly ventilated areas). It seems improbable 
that such a decrease in oxygen saturation as 7 per cent (mean value) could be caused solely by increase 
in dead space ventilation, especially as the total ventilation was only slightly increased and the ventila- 
tion per litre oxygen consumption only showed minor changes. It is furthermore impossible that 
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Early effects of Ac.choline 
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Fic. 2.—Mean exercise values of heart rate, respiratory rate, and blood pressures 
in the brachial and pulmonary artery before, and after, the first minute and the 
fifth minute of acetylcholine infusion in eight patients with mitral valvular disease. 





the infused acetylcholine could have any action on the bronchial muscles as it was given in such a 
low dose as not to give any effect on the systemic circulation. These assumptions were supported 
by the results in the three cases in which the carbon dioxide partial pressure was determined. In 
these cases a slight decrease in this pressure was noted during infusion of acetylcholine at the same 
time as a decrease in the ratio Vp/V; was observed. The same effects were noted in the hemo- 
dynamic studies as in the other cases but the effect on oxygen saturation was less evident. However, 
in Case 6/58 acetylcholine gave a marked decrease in arterial oxygen saturation at rest, with the same 
findings as in the other two cases regarding ventilation and carbon dioxide pressure. 

The most probable action of acetylcholine in these patients seems thus to be an increase in the 
intrapulmonary shunting of blood. The explanation of this action is probably that in certain parts 
of the lungs an alveolar hypoventilation exists, and this affects the vascular bed through a hypoxic 
stimulus causing a functional restriction of it. This situation corresponds to the compensated form 
of non-uniform ventilation to blood-flow ratios as described by Comroe et al. (1957). When acetyl- 
choline is infused in a steady state, vasodilation occurs and the non-uniform ventilation to blood-flow 
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ratio is revealed. At the same time the pulmonary arterial pressure decreases because of the in- 
creased area of the vascular bed. The changes found would thus be the result of interference with 
a definitely established physiological mechanism rather than any influence ona presumed “ protective” 
vasoconstriction. 

The decrease of arterial oxygen saturation is not without importance for the circulation. It 
seems probable that the increase in heart rate and cardiac output observed in some cases might be 
due to the arterial unsaturation. 


SUMMARY AND CONCLUSION 


Acetylcholine was given in the pulmonary artery at a constant rate in a dose of 3 to 14-5 mg./min. 
to 13 patients with mitral valvular disease. The cardiac output and pressures in the pulmonary 
and systemic circuit were determined before the start of infusion and during the infusion. The 
observations were repeated twice in every patient, the first determinations made at rest and the 
second when the patient performed a slight exercise (about 100 kg./min.) at a steady rate. The 
two periods were separated by 15 minutes rest, when no acetylcholine was given. 

During the infusion of acetylcholine, both at rest and exercise, the cardiac output was higher, 
and the pulmonary arterial pressure and the arterial oxygen saturation lower than at the control 
observations. These differences were significant statistically. There was no significant difference 
regarding heart rate, oxygen consumption, or brachial arterial pressure. 

These findings can be explained as due to the interference by acetylcholine with an adjustment 
of the pulmonary vascular bed to a hypoxic stimulus caused by an alveolar hypoventilation in some 
parts of the lungs. No observations during the present study necessitate the hypothesis of an active 
pulmonary hypertension to protect the capillaries from an excessive pressure as suggested by various 
authors. 

Further studies are indicated in order to clarify the mode of action of acetylcholine on the 
pulmonary circulation in patients with heart disease. 
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CONSTRICTIVE PERICARDITIS 
BY 
T. M. D. GIMLETTE 
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Received April 10, 1958 


A study has been made of 62 patients with constrictive pericarditis. There was considerable 
variation from the classical description of the disease. It is hoped that the findings may be of use, 
because both diagnosis and treatment can sometimes cause perplexity. 

The etiology and mode of onset of constrictive pericarditis will be considered first, since these 
have important effects on the final clinical picture, treatment, and outcome. 

Twenty-eight patients developed constriction within a year of an attack of pericarditis (“‘acute 
constriction” in Table I and elsewhere). Thirty-four patients developed constriction insidiously ; 
a few of these had a history suggestive of an attack of pericarditis more than a year before cons- 
triction developed (‘‘chronic constriction”’ in Table I and elsewhere). 


TABLE I 


CAUSES FOUND FOR CONSTRICTION IN THE PRESENT STUDY 
(The number of patients with acute constriction given in brackets) 








Tuberculosis: Bacteriological proof only .. Be Me « + & 
Histological proof only ste . Hee 
Bacteriological and histological proof on < 2 ho 

Tuberculosis (total) .. ae a ea a ae —« 2 a 

Pyogenic infection - we y 8 = ai —~ <£ 

Carcinoma i a re x a ~~ 2s w@& 

Radiotherapy (Possibly) - a A - = . «. © 

Unknown f at sa oe Be ts . ws & 

62 (28) 





Tubercle bacilli were found in the pericardial fluid from six patients. Two of these six also 
provided histological proof of tuberculosis at operation later; two others recovered without opera- 
tion and now have minimal constriction; in a fifth patient tubercle bacilli were found in pus encoun- 
tered at operation, although symptoms of constriction of insidious onset had been present for five 
years; the sixth died of pulmonary tuberculosis a year after operation, no trace of the original 
infection being found in the pericardium at post-mortem examination. 

Histological evidence of tuberculosis was found in 13 patients; pericardial tissue from 41 was 
examined. Twelve of these 13 had acute constriction, and tissue was examined within a year of its 
onset. On the other hand, tissue from 7 patients with acute constriction, examined more than 
a year after the onset, showed no evidence of tuberculosis. The histology of the tissue from 
apparently non-tuberculous cases and that of parts of the tissue from tuberculous cases was similar. 
Tuberculosis of the pericardium can evidently result in constriction, but in time all traces of the 
original infection can disappear and may often do so. Similarly, other causes of constriction 
may ultimately produce non-specific changes that do not reveal their original nature. The 
present study has not shown any decline either in the incidence of constriction or in the propor- 
tion of proven tuberculous cases over the past twelve years. 

9 
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None of the patients in the present series had a previous history of myocardial infarction or of 
significant trauma to the pericardium. Only one patient had coincident rheumatic heart disease. 
A number of patients had acute pericarditis of unknown cause, possibly attacks of acute benign 
pericarditis, but no positive evidence has been found that this disease results in constriction. 

In eleven patients an etiology other than tuberculosis is suggested. 

One patient in the present series rapidly developed severe constrictive pericarditis following 
suppurative pericarditis; the pericardium was infected with B. coli from a subphrenic abscess. 
This patient’s condition was very bad before operation and he died soon afterwards. 

Constriction with secondary carcinoma in the pericardium was observed in three patients. 
One developed a pericardial effusion containing carcinoma cells: a primary growth in the left 
lung was irradiated with temporary improvement, but a month later signs of constriction appeared. 
At necropsy the pericardium was found to be thick and closely adherent; nodules of growth 
were present. Another had extensive metastases from a carcinoma of ovary; the pericardium was 
thickened and contained a blood-stained effusion. The third presented with signs of cardiac 
failure; a little fluid containing bronchial carcinoma cells was removed from the pericardium; 
radioactive gold treatment was followed by temporary improvement. Two patients had heavy 
prophylactic irradiation of the mediastinum after removal of seminomata. One had acute peri- 
carditis during therapy; constriction developed within a year and was cured by operation. The 
other developed constriction insidiously and was not improved by operation. 

Five patients had active rheumatoid arthritis. Four had arthritis for some years before the 
cardiac symptoms. The fifth developed arthritis three months after an acute pericarditis which 
initiated constriction. All these patients had cardiac enlargement. Three of them were operated 
upon: only the one with acute constriction was cured, and the others were little if at all improved. 
In one of them severely damaged cardiac muscle was found at operation. Tuberculosis was not 
demonstrated in any of them. The segregation of this small group may be artificial, but there is a 
little evidence that they had more myocardial involvement than usual, and it seems possible that 
myocardial, pericardial, and joint lesions together were a single disease. The resemblance between 
the synovial and nodule lesions and the pericardial lesions, often present in rheumatoid arthritis, 
has been pointed out (Bywaters, 1950). These pericardial lesions are usually symptomless. One 
patient with rheumatoid arthritis and constrictive pericarditis in whom the pericardium showed 
lesions “compatible with rheumatoid arthritis” has been described (McMurray ef a/., 1951). In 
systemic lupus erythematosus, lesions in the pericardium and myocardium as well as the joints are 
found, but constrictive pericarditis has not been described. A search for L.E. cells in two of the 
patients with rheumatoid arthritis in the present series was unsuccessful, and none of the other 
patients showed features of lupus erythematosus. In one patient chronic constriction and nephrosis 
arose together. 


SYMPTOMS AND SIGNS 


Findings of particular use in differential diagnosis, or illustrating important features of the 
disease, will be emphasized. In most respects there was little difference in the final clinical state 
between patients with acute and those with chronic constriction, but differences in the incidence 
of cardiac enlargement, pericardial calcification, and atrial fibrillation will be described. 

Symptoms and signs suggesting pulmonary venous hypertension were frequent, equally so in 
patients with acute and chronic constriction. Their presence implies that there was left as well as 
right ventricular failure. Fifty-six patients (909%) were orthopneeic, 12 of them also having 
paroxysmal nocturnal dyspnoea. Basal crepitations were present in 36 patients, most of whom 
were also orthopneic, and pulmonary congestion was often noted in X-rays. When the pulmonary 
capillary pressure was measured at cardiac catheterization, levels comparable with moderately 
severe mitral stenosis were found. In experimental tamponnade, pressures in the left and right atria 
have been shown to remain identical (Isaacs et al., 1954). The high systemic venous pressure 
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observed probably gives a good approximate indication of the pulmonary venous pressure in 
constriction. 

A raised jugular venous pressure was observed in every patient, even in the few without symp- 
toms, and it was usually the last abnormal sign to be lost after successful pericardectomy. In 46 
patients (75°,,) the veins filled to the angle of the jaw in the upright position. Venous pulsation 
was invariably present, usually with an M- or W-shaped pressure pulse. The early diastolic dip 
in pressure is the most important feature; this was unaffected by atrial fibrillation. A rising venous 
pressure on inspiration was observed in some patients, and confirmed by pressure measurements 
made at cardiac catheterization. This was not due to transient tricuspid regurgitation. In some 
instances the rising venous pressure was associated with increased loudness of the diastolic sound. 

A raised systemic venous pressure is essential to the diagnosis of constriction. Neither the 
height of the pressure, the type of venous pulsation, nor the respiratory changes are diagnostic; 
these are all found in right ventricular failure from various causes. However, the presence of 
venous pulsation of the form described does exclude superior vena caval obstruction and tricuspid 
disease. 

Forty-nine patients had oedema, mainly of dependant parts, but a few had cedema of the face. 

The liver was enlarged in 52 patients (85°%). Cirrhosis was diagnosed histologically in six; 
in two there was some fibrosis round the centrilobular veins; and in five others the liver 
showed venous congestion only. Liver function tests were not done as a routine. In 7 patients 
out of 18 there was a low serum albumen, and in 6 the thymol turbidity was raised. The tests 
done were otherwise normal, including those in two of the patients with histological evidence of 
cirrhosis. Only two patients were ever jaundiced; one died, a month after pericardectomy, follow- 
ing hemorrhage from cesophageal varices; the other died in coma, which may have been hepatic, 
six months after pericardectomy. In both these patients the operation failed to relieve cardiac 
failure. Thus, although the liver was usually enlarged from congestion, cirrhosis or hepatic 
insufficiency were much less often present and seldom diagnosable clinically. There was no evidence 
that liver disease advanced after constriction had been relieved. The incidence of evident liver 
damage and of ascites was the same in acute and chronic constriction. Ascites was clinically 
demonstrable in 27 patients (44°%), all of whom had hepatic enlargement and high systemic venous 
pressure. 

Cardiac pain was rare after the acute inflammatory stage; only four patients in the present 
series had probable anginal pain on effort. This may have been due to restricted activity or possibly 
to destruction of the sensory nerve supply of the heart (Daley, 1957). 

A diastolic sound was heard in 42 patients (67°%), including some only mildly affected by the 
disease; probably it was present in others. It was not particularly associated with pericardial calcifi- 
cation. Ina few patients the diastolic sound was accompanied by a thrust felt over the precordium. 
It has been suggested that the diastolic sound in constrictive pericarditis occurs earlier than the 
third sound sometimes present in other types of heart failure, and becomes later after pericardec- 
tomy (McKusick and Harvey, 1955). A phonocardiogram was obtained from one patient in whom 
symptoms persisted after pericardectomy. A sound characteristically early in diastole was recorded, 
but a second thoracotomy revealed no constriction. It is concluded that the diastolic sound in 
constriction is not essentially different from protodiastolic gallop. 

The systolic blood pressure was of little value in diagnosis; it was usually within normal limits 
and seldom abnormally low. One patient was hypertensive (B.P. 220/120) before developing con- 
striction of insidious onset; this reduced the blood pressure to 150/100; after operation, which 
greatly improved him, the pressure returned to the previous level. Possibly in this case left ven- 
tricular hypertrophy brought to light constriction hitherto latent. In two patients a pressure of 
160/100 with albuminuria led to an initial diagnosis of acute nephritis. 

Pulsus paradoxus exceeding 10 mm. Hg in normal breathing was observed in 43 patients (69°), 
including all those subsequently cured by pericardectomy. Atrial fibrillation made paradox diffi- 
cult to detect but did not abolish it. Although paradox does occur in other conditions, including 
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myocarditis, where the properties of the myocardium are changed, marked paradox is a useful con- 
tributory sign in the diagnosis of constrictive pericarditis. 

The Valsalva manceuvre, observed in some patients, caused the type of circulatory response 
usual in cardiac failure, and similar changes in the pulmonary circulation were detected at cardiac 
catheterization. 


RADIOLOGY 


Cardiac enlargement, assessed radiologically, was present in 22 out of 58 patients. The thick- 
ness of the pericardium itself, seldom more than 0-5 to 1-0 cm., accounted for little of the enlarge- 
ment; in very few patients some fluid was still present. Enlargement often took place after pericar- 
dectomy, but many patients had true cardiac enlargement already. This indicates the importance 
of myocardial disease in constrictive pericarditis. Table II suggests some correlation between 
cardiac enlargement and poor prognosis 


TABLE II 
CARDIAC ENLARGEMENT AND OPERATIVE RESULTS 











. 1.S.Q. or 
Died | improved Cured 
Cardiac enlargement .. ae 4 9 3 
No cardiac enlargement sey 6 8 12 





Pericardial calcification was detected in 27 patients (42°%); it was best seen by fluoroscopy and 
was usually densest on the diaphragmatic surface of the heart or in the atrioventricular groove. 
Five out of the seventeen with proven tuberculosis had pericardial calcification. In one patient 
calcification developed two years after pericardectomy without recurrence of symptoms; in another 
it was noted three months after the onset of tuberculous pericarditis; in the others the time of onset 
was uncertain. Calcification was commoner in patients with chronic constriction. Calcification 
and atrial fibrillation were frequently associated. Patients with calcification generally had a less 
successful result from pericardectomy (Table III). 


TABLE III 
PERICARDIAL CALCIFICATION AND OPERATIVE RESULTS 





1.S.Q. or 








Died improved Cured 
Calcified pericardium . . a 4 13 3 
No calcification seen .. Br 6 4 12 





ELECTROCARDIOGRAPHY 


Of all 62 patients, atrial fibrillation was permanent throughout in 19, transient after operation 
in two, and permanent after operation in one. Table IV indicates that fibrillation is unfavourable. 
Also it was often associated with cardiac enlargement and pericardial calcification. A resting heart 
rate over 90 was unusual. Atrioventricular conduction was normal in all patients with sinus 
rhythm. 

Twenty-one patients in sinus rhythm had bifid P waves in some or all leads, the second peak of 
the P wave often being much the larger. Bifid P waves persisted after operation and cure in some 
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TABLE IV 


ATRIAL FIBRILLATION 














Operated Unoperated 
. : ‘1S.Q. or he aed od bit ee 
Died improved Cured 
Atrial fibrillation .. ns 3 10 — 6 
Normal rhythm initially .. 7 7 15 14 





patients. They were not correlated with any other cardiographic abnormality or clinical feature. 
A similar incidence has been reported by others (Evans and Jackson, 1952). 

Low QRS voltage was present in 41 patients, uncorrelated with the severity of the disease or the 
thickness of the pericardium. S-T segment displacement rarely persisted after acute pericarditis. 
Low or flat T waves were almost always seen; abnormal T wave inversion was present in more than 
half. 

A normal initial record was not obtained in any patient. The usual changes—low QRS voltage 
and flat or inverted T waves—are nonspecific; bifid P waves are of more diagnostic value. After 
operation the cardiogram became normal in a few cured patients; abnormalities persisted in many 
cured, and in all who were still incapacitated. 

Cardiac catheterization was carried out in 10 patients. The pressures at comparable sites in 
each patient were remarkably similar, and resembled those described by other observers both in 
patients and in experimental animals with constrictive pericarditis (Hansen ef al., 1952; Isaacs 
et al., 1952). The pressures recorded from within the vene cave and heart gave no indication 
that there was any obstruction to the flow of blood through these veins or through the atria or tri- 
cuspid valve. Nor was any convincing evidence of such a state found subsequently at operation. 
The distance of the catheter in the right atrium from the right heart border occasionally demon- 
strated pericardial thickening or effusion. 

The form of the pressure pulse found in the right ventricle was characteristic, and has been 
frequently described. Removal of the constricting pericardium does not cause immediate change 
in the form of this pressure pulse; this was observed in one patient in the present study and one 
described by Hansen et al. (1952). This suggests that the diastolic dip is caused by changes in the 
myocardium, and it has in fact been reported in various myocardial conditions, particularly in 
amyloid disease (Gunnar et al., 1955). A ratio of over 33 per cent between the diastolic and systolic 
pressures in the right ventricle has been regarded as indicative of constrictive pericarditis (Yu et al., 
1953), but in the course of the present study two patients with myocarditis were encountered in 
whom the ratio was over 50 per cent. 


TREATMENT AND RESULTS 


Twelve patients believed to have tuberculous pericarditis were given a preliminary course of 
streptomycin (Fig. 1). In two a symptomless state was reached with minimal constrictive signs. 
One died of pulmonary embolism before operation. Nine patients operated upon after 
streptomycin had no better results than other comparable patients. There seems little risk of post- 
operative disseminated tuberculosis: only one patient died of pulmonary tuberculosis a year after 
operation, despite streptomycin treatment, and none died with disseminated tuberculosis. 

The results of operation in patients with acute constriction are better than in patients with 
chronic constriction (Fig. 1). Several patients with acute constriction would probably have fared 
better if pericardectomy had been done sooner. Three operated upon 1-15 years after constriction 
first developed were not cured. The rest, operated upon within a year of the onset of constriction, 
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Fic. 1.—62 patients are shown, grouped according to the onset of constriction and outcome. 
Patients with proven tuberculosis in black, patients treated with streptomycin indicated 
ws. 


nearly all did well. Patients who had no symptoms, and no signs other than a jugular venous 
pressure raised up to 5 cm., were regarded as cured. Of the 42 patients operated upon, 15 (36°) 
were cured, 17 (40°%) were unchanged or improved, and 10 (24°) died. 

The results of pericardectomy for chronic constriction were much less good: both the post- 
operative mortality and morbitity were much higher. Apart from chronicity, certain features that 
suggested myocardial damage in contrast to mechanical constriction were unfavourable. Age was 
one of the most important (Table V). Cardiac enlargement was unfavourable (Table I), suggest- 
ing dilatation from myocardial disease. Rheumatoid disease suggested a general disorder which 
may include myocardial disease. Sometimes the heart muscle was infiltrated with dense pericardial 
fibrous tissue and the two layers were inseparable, particularly in areas of heavy calcification. 
Where the two layers of pericardium were separable, the parietal layer was usually removed easily; 
the thinner visceral layer still caused constriction in some instances, and was difficult to remove 
without damaging the coronary vessels. A layer of fat beneath the visceral pericardium was often 


TABLE V 


AGE AND OPERATIVE RESULT 














Died 1.S.Q. or Cured 
improved 
Age over 50 - os 2 5 —- 
Age under 50... as 8 12 15 
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found and it made the situation of both vessels and heart muscle difficult to locate. Atrophy of 
the heart muscle made it liable to perforation. 

Many patients took up to two years to reach maximum improvement after operation. Delayed 
improvement was not clearly associated with long duration of symptoms, cardiac enlargement, or 
active tuberculosis: the gradual restoration of atrophied heart muscle and the slow healing of active 
tuberculous lesions were probably its most important causes. Most of the patients with active 
tuberculosis at the time of operation made a good recovery eventually. 

Recurrence of symptoms after adequate pericardectomy was unfavourable and attributable to 
hypertension, myocardial disease of some kind, or to some other non-pericardial condition, cardiac 
enlargement always being present. There was no instance of recurrence of pure constriction after 
an adequate and apparently curative pericardectomy. On the other hand, persisting symptoms after 
an inadequate pericardectomy were sometimes cured after a second or third operation. 


CONCLUSIONS 


Constrictive pericarditis can arise from a number of different conditions, all capable of producing 
an indistinguishable end result. Possibly different causes tend to produce distinct varieties of con- 
strictive pericarditis. This is difficult to demonstrate, but a few patients in the present series, par- 
ticularly those with rheumatoid disease and those having had radiotherapy, may have had signifi- 
cantly more myocardial damage than the others. Patients can be divided for comparison into those 
with acute constriction developing rapidly after an attack of pericarditis, and those with chronic 
constriction, developing insidiously often with no evidence of initial acute pericarditis. 

The findings in acute and chronic constriction, once established, are alike in most respects. 
These have been briefly described and the usual presence of pulmonary as well as systemic venous 
hypertension is stressed again. There are, however, some differences between acute and chronic 
constriction. Patients with chronic constriction more often have cardiac enlargement, atrial fibrilla- 
tion, pericardial calcification, close adherence and fibrous infiltration of the heart muscle, and are 
generally older. In fact myocardial disease is often preponderant in chronic cases. Prognosis and 
treatment largely depends upon whether mechanical constriction or myocardial disease predomin- 
ates. Any indications in the case history or physical signs that illuminate this question are there- 
fore important. 

The familiar part of constrictive pericarditis is the mechanical effect of an unyielding shell round 
the ventricles. This impairs their capacity to accept inflowing blood, and possibly also their con- 
tractility. The signs in constrictive pericarditis that are most characteristic and useful in diag- 
nosis are evidence of changes in the pericardium itself, although not all are evidence of constriction. 
Such signs are the combination of a small “quiet” heart with marked pulsus paradoxus, pericardial 
calcification, high venous pressure and its effects, and certain electrocardiographic changes. 

Impairment of the myocardium is in some cases a more important cause of disability than the 
mechanical constrictive effect of the pericardium. The myocardial lesion is partly due to atrophy, 
which may be reversible. It is also partly due to destruction or disease of heart muscle, generally 
irreversible, resulting either from the same process that caused the pericardial lesion, such as 
tuberculosis or possibly collagen disease, or from some other separate but complicating condition. 
The myocardial lesion produces signs of heart failure, including cardiac enlargement and a diastolic 
sound, both of which are unspecific. 

Acute constrictive pericarditis demands surgical treatment; mechanical constriction predomin- 
ates, and the diagnosis is not usually difficult. The sooner pericardectomy is done, the better the 
results, which emphasizes the importance of early diagnosis. Operation should not be delayed 
more than one or two weeks unless the signs of constriction are rapidly diminishing; the severe case 
may be regarded as an emergency. Streptomycin fails to prevent constriction in a large proportion 
of cases of tuberculous pericarditis. In chronic constriction medical treatment should be preferred 
to begin with, particularly if many of the features unfavourable for surgery and mentioned earlier are 
present. Nevertheless these patients tend to lose ground, and then many are helped and a few 
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cured by pericardectomy. Doubt about the diagnosis, particularly in certain chronic cases with 
much myocardial damage, may be resolved only by thoracotomy. In such cases, however, the 
results of pericardectomy are usually not good. 


SUMMARY 


Causes of constrictive pericarditis are described. The relation of different causes and of acute 
and chronic onset to variations in the disease is discussed. 

Symptoms and signs are described, with emphasis on those of value in diagnosis and in the 
provision of information about the mechanism of the disease. 

The results of pericardectomy are described. The merits of the operation in acute and chronic 
constriction and its indications are discussed. 


This study formed part of a thesis submitted to the University of Cambridge for the degree of M.D. I am 
indebted to the Physicians and Surgeons of St. Thomas’s Hospital whose patients are described, and particularly to 
Dr. Evan Jones for help and encouragement and to Mr. N. R. Barrett for operative notes and records of many of the 
patients. 
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TOMOGRAPHY OF CALCIFIED AORTIC AND MITRAL VALVES 
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The purpose of this paper is to compare the value of fluoroscopy and tomography in distinguishing 
aortic from mitral valve calcification. In view of this difficulty, certain criteria are recorded to aid 
their identification. 

Aortic valve calcification was first described in 1672 by Rayger (quoted by Bonetus, 1679). 
Eighty-two years later, Morgagni recorded a patient dying in cardiac failure who had a bony 
aortic valve. Single patients with both aortic and mitral valve calcification at necropsy were 
reported by Turner (1885) and Weber (1898). But not until the last twenty-five years have reports 
of aortic valve calcification been common and only since then has the condition been recognized 
in life (Christian, 1931; Sparks and Evans, 1934; Blackford et a/., 1936; Berk and Dinnerstein, 1938). 
In 1933, Sosman and Wosika described the fluoroscopic recognition of mitral and aortic valve 
calcification. Further reports by Sosman appeared in 1939 and 1943. 

Tomography was first applied to the detection of aortic valve calcification by Davies and Steiner 
(1949) who recorded fourteen such patients: they found it to be more successful than fluoroscopy. 
Daley (1957), however, stated that fluoroscopy was more reliable than tomography for showing 
aortic valve calcification, but thought that the image intensifier was best. Simon (1956) thought 
that in centres where the image intensifier was not available, there was still a place for tomography 
of the heart valves. 

With the advent of valvotomy, the detection of calcification became important because its presence 
was soon found to affect the outlook for success. Both Baker et al. (1952) and Wood (1954) found 
that gross calcification of the mitral valve, especially when associated with mitral regurgitation, 
made a successful valvotomy unlikely. Even if regurgitation is not initially present, valvotomy may 
lead to this when the valve is calcified (Wood, 1954). Although Turner and Fraser (1956) agreed 
that calcification may make valvotomy difficult or even impossible, they found good results in more 
than half their patients. They.confirmed Wynn’s findings that heavy calcification of the mitral 
valve altered the mitral rhythm of Duroziez (1862) and thought fluoroscopy better than tomography 
for showing calcification. 

Campbell and Kauntze (1953) thought that calcification was nearly always present in congenital 
aortic stenosis after forty years of age and favoured stenosis of the valve rather than the subaortic 
region. Brock agreed (1957a) and thought it important that when there is calcification its site 
should be determined and recorded permanently (19575). 


METHODS AND MATERIAL 


Tomography was performed on all patients as follows : 6, 8, and 10 cm. cuts from the anterior 
chest wall were taken using 64 KV and 64 MAS with the patient in the left anterior oblique position 
at 10° rotation; and 3 and 5 cm. cuts from the spine were taken using 70 KV and 80 MAS with 
the patient in the left lateral position. 

Sixteen patients with aortic, and twelve with mitral valve calcification were examined personally. 
Four others with aortic and three with mitral calcification on tomography were added to the series 
making a total of thirty-five. 
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Significant mitral regurgitation was diagnosed in the presence of mitral stenosis according to the 
following criteria: (1) a mitral holosystolic murmur with clinical and radiographic evidence of an 
enlarged left ventricle in the absence of aortic valve disease and hypertension, (2) a short apical 
diastolic murmur, and (3) electrocardiographic evidence of left ventricular preponderance. 

Using fluoroscopy, we thought that the most helpful distinguishing point of valve calcification 
was its dancing movement. Generally in postero-anterior views the aortic valve was mid-line in 
position while the mitral valve was lower and to the left of the mid-line. In lateral views, we found, 
as did Davies and Steiner (1949), that while the aortic valve usually is anterior to the mitral valve, 
they may be on the same vertical plane. Gross cardiomegaly (Sosman and Wosika, 1933) may 
cause considerable shifting of the valves. We found it difficult to distinguish calcification in the 
posterior cusp of the aortic valve from that in the anterior mitral leaflet, as did Sosman and Wosika 
(1934). On tomography we thought that the form of the calcification was most useful in dis- 
tinguishing each valve. Thus aortic valve calcification showed as a channel or ring in fourteen 
patients (Davies and Steiner, 1949) (Fig. 1). In contrast, mitral valve calcification usually is like 





Fic. 1.—(A) Oblique tomogram, showing aortic valve calcification (A) as a channel just to the left of the mid-line. 


(B) Lateral tomogram, showing aortic valve calcification (A) as a ring in the middle third of the heart shadow. 


an irregular star or band (Fig. 2). Using barium paste in the valves of a cadaver, we were able 
to confirm these findings (Fig. 3). In addition to showing the typical distribution of calcium, 
another advantage of tomography over fluoroscopy is that it provides a permanent record of valve 
calcification which may be studied at leisure, so reducing observer error. 

During this investigation, two other patients were seen with gross syphilitic aortic regurgitation. 
In both the calcified dilated aorta showed clearly the origin of the aorta and hence the site of the 
aortic valve (Fig. 4). 
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Fic. 2.—(A) Oblique tomogram, showing mained valve calcification (M) as an irregular star well to the left of the mid- 
line. (B) Lateral tomogram, showing mitral valve calcification (M) as an irregular band in the posterior third of 
the heart shadow. The aortic valve lies at a higher level than the mitral (compare Fig. 1). 
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Fic. 3.—Antero-posterior chest radiograph, showing site of aortic (AA;) and mitral (M) valves (out- 
lined with barium paste in the cadaver). The mid-line shadows are due to a previous myelogram. 
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Fic. 4.—Lateral chest radiograph in syphilitic aortitis. The Fic. 5.—Lateral tomogram, showing calcific aortic stenosis 
calcified dilated aorta shows clearly the origin of the (A) and calcified anterior descending branch of the 
aorta and hence the site of the aortic valve (A). left coronary artery (L.C.A.). 


DISCUSSION 


Following Sosman and Wosika’s careful technique (1933) many workers have used fluoroscopy 
to demonstrate calcified aortic and mitral valves (Sparks and Evans, 1934; Bishop and Roesler, 
1934; Blackford ef a/., 1936; Berk and Dinnerstein, 1938; Epstein, 1940; Wood, 1948; Kiloh, 1950: 
Campbell and Kauntze, 1953; and Wynn, 1953). Despite such technique, detection of aortic and 
mitral valve calcification when one or both be present may be difficult and at times impossible. 
Indeed reference to necropsy material shows that such calcification may be contiguous. 

In the patients described, calcification was recorded with certainty by tomography in 33 out of 35 
patients and probably in the other two. Of this number, 19 had aortic valve calcification seen on 
tomography, whereas fluoroscopy failed to show any evidence of calcification in two, shared 
doubtful calcification in one, and left its site uncertain in one: the other four were not examined. 
Two patients of this group subsequently underwent valvotomy and calcification of the aortic valve 
was confirmed in both. 

Of the fourteen patients with certain, and one with doubtful, calcification of the mitral valve 
on tomography eleven later had a valvotomy: in all, calcification was present. Of these eleven, 
fluoroscopy was unsuccessful in showing calcification in three, and also so in one other patient 
who did not have an operation. One patient, the youngest in the series (23 years), is of particular 
interest. Mitral valvotomy at another hospital had been unsuccessful, because of a grossly calcified 
valve, but at a second valvotomy a reasonable split was obtained with a Tubb’s valvulotome : 
calcification was found on the medial aspect of the valve. 

We were able to confirm Wynn’s observation (1953) that calcification of the mitral valve does not 
affect the mitral diastolic murmur (Table I). The first sound rarely seemed affected by calcification, 
being loud in ten patients, normal in two, and soft in three. In contrast the opening snap was absent 
in all but one of our patients. Similar findings were noted by Wynn (1953) and by Mounsey and 
Brigden (1954). In seven of our patients, pulmonary hypertension was present which may itself 
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TABLE I 
INFLUENCE OF CALCIFICATION ON MITRAL RHYTHM OF DUROZIEZ 














Number of Mitral Systolic Mitral Diastolic Duroziez 
patients first murmur opening murmur rhythm 
sound snap 
10 loud 
—_———————| 9 present* 1 present 15 present 1 present 
15 2 normal a 
— ———| 6 absent 14 absentt | — absent 14 absent 
3 soft 
* 4 had significant mitral regurgitation. + 7 had pulmonary hypertension. 


cause the opening snap to disappear. A mitral systolic murmur was heard in nine patients, 
of whom four had significant mitral regurgitation and a calcified mitral valve. Duroziez’s mitral 
rhythm of a presystolic reinforcement, split second sound with or without opening snap, 
rumbling diastolic murmur, and no systolic murmur, which he likened to ffout-ta-ta-roa .. . 
was heard in only one patient. Potain (1894) although he does not mention calcification remarked 
that with a rigid valve the Duroziez rhythm disappeared. 

There were five patients in the series with severe combined aortic and mitral valve disease. One 
had mitral valve calcification only, both on fluoroscopy and tomography. In two, tomography 
showed only aortic valve calcification. In one of these calcification was thought to be in the mitral 
valve on fluoroscopy, and a calcified left coronary artery was noted on tomography and fluoroscopy; 
and in the other the site of the calcification seen on fluoroscopy was uncertain. One patient with 
severe aortic and mitral valve calcification at operation and necropsy had previously had this demon- 
strated on tomography. One other has so far come to necropsy and contiguous calcification was 
present in both valves: on fluoroscopy only aortic valve calcification was seen and doubtfully so on 
tomography. Thus the combination of mitral valve calcification and calcific aortic stenosis was found 
in two patients only, of whom one had a history of rheumatism. One other patient with 
calcific aortic stenosis and complete heart block is of interest, since East (1932), Boas (1935), and 
Windholz and Grayson (1947) attributed this to invasion of the conducting system by calcification 
(Fig. 5): in addition the anterior descending branch of the left coronary artery was calcified suggesting 
also a possible ischemic cause for the arrhythmia. Pyke and Symonds (1951), however, in their 
review of cardiac calcification found that none of their patients with calcified coronary arteries had 
clinical or cardiographic evidence of heart disease. 


SUMMARY AND CONCLUSIONS 


The history and significance of radiological demonstration of calcified aortic and mitral valves are 
reviewed. Twenty patients with calcification of the aortic valve and fifteen with calcification of the 
mitral valve are described. 

Tomography is more reliable thah fluoroscopy, since calcification is detected more frequently 
and the site is located with more certainty. It will show which valve is affected from the form and 
position of the calcification. Finally, tomography has the advantage of providing a permanent 
record. 

The influence of mitral calcification on the mitral rhythm of Duroziez, on the regurgitation 
through the valve, and on valvotomy is discussed. Mitral valve calcification in association with 
calcific aortic stenosis is rare, and was seen in only two of the thirty-five patients. 


We are grateful to Dr. Samuel Oram and Dr. J. Blewett for initiating this study and their constant encouragement 
and advice; and Dr. Clifford Hoyle for reading the manuscript. We wish to thank the physicians and surgeons of 
King’s College Hospital who have allowed us to study their patients. 





DAVIES AND BUCKY 


REFERENCES 


Baker, C., Brock, R. C., Campbell, M., and Wood, P. (1952). Brit. med. J., 1, 1043. 

Berk, L. H., and Dinnerstein, M. (1938). Arch. intern. Med., 61, 781. 

Bishop, P. A., and Roesler, H. (1934). Amer. J. Roentgenol., 31, 1. 

Blackford, L. M., Bryon, W. W., and Hollar, E. D. (1936). J. Amer. med. Ass., 107, 18. 

Boas, E. P. (1935). Amer. J. med. Sci., 190, 376. 

Bonetus, T. (1679). Sepulchretum sine anatomia practica ex cadaveribus morbo denatis. Geneva, 1679. Vol. 1 
book 2. Observatio XXVI, p. 891 in the edition of 1700. 

Brock, R. C. (1957a). Brit. med. J., 1, 1019 

—— (1957b). Guy’s Hosp. Rep., 106, 221. 

Campbell, M., and Kauntze, R. (1953). Brit. Heart J., 15, 179. 

Christian, H. A. (1931). J. Amer. med. Ass., 97, 158. 

Daley, R. (1957). Proc. Roy. Soc. Med., 50, 817. 

Davies, C. E., and Steiner, R. E. (1949). Brit. Heart J., 11, 126. 

Duroziez, P. (1862). Arch. Gen. Med., 20, 385. 

East, T. (1932). Proc. Assn. Phys., Quart. J. Med., 25, 693. 

Epstein, B. S. (1940). Amer. J. Roentgenol., 44, 704. 

Kiloh, G. A. (1950). Brit. Heart J., 12, 33. 

Morgagni, J. B. (1761). Quoted from Willius, F. A. and Keys, T. A. (1941). Cardiac Classics. Kimpton, London. 

183. 


p. 
Mounsey, P. (1953). Brit. Heart J., 15, 135. 
, and Brigden, W. (1954). Brit. Heart J., 16, 255. 
Potain, C. (1894). Clinique medicale de la Charité, p. 184. Masson, Paris. 
Pyke, D., and Symons, C. (1951). Brit. Heart J., 13, 355. 
Simon, G. (1956). Principles of Chest X-ray Diagnosis, p. 157. Butterworth & Co., London. 
Sosman, M. C., and Wosika, P. H. (1933). Amer. J. Roentgenol., 30, 328. 
(1934). Amer. Heart J., 10, 156. 
— (1939). Amer. J. Roentgenol., 42, 47. 
—— (1943). Amer. J. Roentgenol., 50, 461. 
Sparks, J. V., and Evans, C. (1934). Brit. med. J., 1, 1028. 
Turner, F. C. (1885). Trans. Path. Soc. London, 36, 144. 
Turner, R. W. D., and Fraser, H. R. L. (1956). Lancet, 2, 525, 587. 
Weber, F. P. (1898). Trans. Path. Soc. London, 49, 41. 
Windholz, F., and Grayson, C. (1947). Amer. J. Roentgenol., 58, 411. 
Wood, P. (1948). Modern Trends in Diagnostic Radiology, p. 161. Butterworth & Co., London. 
— (1954). Brit. med. J., 1, 1051, 1113. 
Wynn, A. (1953). Brit. Heart J., 15, 214. 














ndon. 

















ELECTROCARDIOGRAPHIC CHANGES DURING POSITIVE 
ACCELERATION 


BY 


M. K. BROWNE AND J. T. FITZSIMONS 
From the R.A.F. Institute of Aviation Medicine, Farnborough, and the Physiology Laboratory, Cambridge 


Received February 14, 1958 


The effects of accelerative forces on man are of considerable importance in high performance 
aircraft. Should manned space travel become possible then one of the many medical problems 
will be the reaction of man to varying gravitational forces. To study the effects of positive accelera- 
tion (or g) a man-carrying centrifuge has recently been installed at the Institute of Aviation Medicine, 
Farnborough. By means of this machine, human beings can be exposed to controlled accelerative 
forces and their physiological reactions analysed in the laboratory. 

In the early stages of operating the human centrifuge it was decided that objective methods of 
monitoring subjects’ reactions to g were required, partly as a safety precaution and partly to provide 
basic data for future experiments. Electrocardiography was investigated because during g the 
heart is subject to considerable stress, and because of the following advantages. 


1. A continuous record of heart rate could be obtained. 

2. It was known that g influenced the position of the heart and in the absence of X-ray facilities 
it was thought that the electrical position of the heart would provide valuable information. 

3. The technique was simple enough to be used as a routine. 

This paper comprises the results of this investigation. 


METHODS 

The electrocardiographic leads used were the standard bipolar leads I, II, and III, the augmented 
unipolar limb leads and the unipolar chest leads, placed in accordance with the recommendations 
of the American Heart Association and the British Cardiac Society. The Wilson indifferent 
electrode was used (Wilson et al., 1934). To obviate muscle artefacts, extremely difficult to 
do under g, and to allow free use of the hands, the two wrist electrodes were replaced by disc elec- 
trodes on the acromial processes. The potentials measured at the shoulders are very little different 
from those found at the wrists. In both cases the potentials are being recorded essentially from 
the root of the upper limb and any difference in length of conducting medium is of little significance 
when compared with the skin resistance. 

Small non-polarizable silver electrodes were used attached to the skin by nobecutanec (Browne, 
1957). The signals from the subject were led through a distribution box, enabling any number of 
lead positions to be recorded simultaneously. After suitable amplification they were displayed on 
a 12-channel Ediswan pen recorder. When higher quality records were required a high speed 
galvanometer was used. It was found necessary to use a 15 c.p.s. filter to reduce muscle artefacts 
under g; this causes some reduction in the amplitude of the QRS complex due to high-frequency 
cut-out. 

Respiration was recorded by means of a small thermocouple placed in one nostril. Changes 
in thermal e.m.f. due to passage of inspired and expired air were recorded as a low-frequency wave 
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on the pen recorder. Subjects were exposed to forces of 3, 3-5, and 4 g, the force acting from head to 
feet (this is defined as positive acceleration). Unless otherwise stated all runs lasted for 15 seconds; 
this excludes the times taken to reach peak g and to slow down at the end of the run. Two groups 
of subjects participated: (a) experienced subjects who are members of the Institute of Aviation 
Medicine Staff, and (4) healthy subjects with no previous centrifuge experience. 


RESULTS 


In this study the results of 366 centrifuge runs on 53 subjects have been analysed for changes in 
pulse rate, alterations in cardiographic pattern, and variation in the mean instantaneous electrical 
axis. 

(i) The Pulse Rate. During positive acceleration the heart rate increases. In Table I, the 
resting pulse rate, the maximum rate reached, and the time from the start of the run to reach maxi- 
mum rate are given for experienced and inexperienced subjects at different levels of g. Peak g 
occurs in all cases 9 seconds after the start of the run. 


TABLE I 
VARIATIONS OF PULSE RATE IN EXPERIENCED AND INEXPERIENCED SUBJECTS IN HUMAN CENTRIFUGE 








Experienced Inexperienced 
; ' Time to , : : 
No. of Resting | Maximum Per cent| maxi- | No. of Resting | Maximum Per cent| [ime to 

subjects pulse pulse | increase) mum | subjects| Pulse pulse | increase | ™aXimum 
rate rate a rate rate sec. 

30] 12 16:5 97 | 235 | 166 20 82-3 1203 | 47-4 12-1 
3-5 11 85 121 42:3 14-3 20 86 127-3 48-5 13-9 
4-0 3 ¥F 114 48 16-1 12 83-4 129-9 55°8 14-6 





At 3 g the difference in maximum pulse rate between experienced and inexperienced subjects is 
significant at the | per cent level, but at 3-5 and 4 g there is no significant difference. Likewise 
the time to maximum pulse rate shows a significant difference at the 0-2 per cent level at 3 g between 
experienced and inexperienced subjects but no difference at higher g. 

A number of runs were carried out wearing a standard anti-g suit which exerts counter pressure 
over the legs and atdomen during positive acceleration; this prevents pooling of blood in the 
lower part of the body and descent of the diaphragm. The results obtained show that wearing an 
anti-g suit makes little difference to the maximum pulse rates reached, but shortens the time taken 
to reach maximum pulse rate by 18 per cent at 3-5 g and 21 per cent at 4-0 g 

The P-R interval represents the time taken by the stimulus to spread from the sinu-atrial node 
to ventricles and varies inversely as the heart rate. The P-R interval has been measured in some 
runs and the results are given in Table II. Each result is the mean of five observations. 


TABLE II 
EFFECT OF g ON P-R INTERVAL 





Stage of acceleration (time from start of acceleration) 








Static : = 
8 sec. 0 2:5 7-5 12:5 17-5 22:5 
cec. sec. sec. sec. sec. sec. 
3-0 0-15 0-15 0-13 0-125 0-12 0-13 0-14 
3-5 0-14 0-13 0-12 0-11 0-10 0-11 0-125 
4-0 0-137 0-14 0-125 0-12 0-11 0-12 0-13 
45 0-14 0-13 0-12 0-105 0-10 0-12 0-13 
5: 0-14 0-10 0-10 0-11 








SL dian dite ae a 


reese een 





1 to 
ds; 
ups 
ion 


; in 
ical 


the 
1Xi- 
k g 


S 


to 
um 


S$ iS 
vise 
een 


ure 

the 
ran 
ken 


ode 
yme 








~~ 


= = . a ee 








ELECTROCARDIOGRAM IN POSITIVE ACCELERATION 25 


Analysis of variance shows that the sample was a representative one of the population and that 
the change in P-R interval during g was significant at the 0-1 per cent level as was also the pro- 
gressive change in P—R interval with higher g levels. It will be seen that the P-R interval usually 
started to decrease as acceleration commenced, and at the end of the run started to return to normal 
while the acceleration was still being applied. This corresponds to the behaviour of the pulse, 
which reaches its maximum towards the middle of the run and then begins to fall again. Both 
changes can be related to the behaviour of the arterial blood pressure (Fig. 1). Throughout the 
series all P-R intervals fell within the normal range of 0-1-0-2 sec. indicating that there was no 
abnormality of auriculo-ventricular conduction. 
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Fic. 1.—Graphs, showing simultaneous changes in (a) pulse rate and (4) arterial 
blood pressure at eye level during positive acceleration. 


(ii) Form of the Electrocardiogram. No characteristic abnormalities were found in this investi- 
gation. Most runs were of short duration, but a number of runs lasting up to 5 minutes have 
been made; even in these no change other than that due to change in electrical axis was 
noted. On one occasion when the subject lost consciousness it was possible to get a record (Fig. 2). 
Unfortunately it is not of high quality owing to a certain amount of base line shift. This record, 
however, is the nearest approach to a left ventricular strain pattern we have obtained and as can 
be seen the evidence is dubious. It is possible that older subjects with diseased hearts may show 
more convincing changes. ; 
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Fic. 2.—Multichannel cardiograms (a) at rest, (b) at 4-0 g, (c) at 40g during 
unconsciousness. A\ll traces are at the same phase of respiration. When 
the subject loses consciousness there is a suppression of the T waves. 





(ili) The Electrical Axis. The mean instantaneous electrical axis was calculated by the method 
of Goldberger (1953). Each result was the mean of three observations, for it was rarely possible to 
obtain more than three full cycles of respiration owing to the short duration of the runs. However, 
in any one subject, figures for the same phase of respiration were usually identical. Furthermore, 
in three subjects, changes in axis observed by direct vector-cardiography (Browne and Fitzsimons, 
1957) showed close agreement with the derived axis. An example of the changes found is shown 
graphically in Fig. 3. Five out of eight subjects (P. H., N. K., R. B., P. G., J. T. F.) had vertical 
hearts as judged from the electrical axis (i.e. more than +45° in the frontal plane) and two (M. S., 
M. K. B.) had horizontal hearts. One subject (F. Z.) was borderline, 39°-45°. 


Respiration has a marked effect on the electrical axis in most cases; this may be deduced from 


the effect on the cardiogram (Fig. 4). In the frontal plane the heart becomes more vertical with 
inspiration. In the sagittal plane the heart also becomes more vertical though the movement is 
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rather less. In two subjects, R. B. and M. S., this axis tended to become more horizontal by a 
negligible amount. In the horizontal plane viewed from below the changes were small, two subjects 
showing clockwise rotation (J. T. P., P. G.), five anti-clockwise rotation, and one subject showing 
no movement (R. B.). 

When subjected to positive acceleration of 4 g, the respiratory changes are often even greater 
than at rest at 1 g (Fig. 5). However, there is an overall shift in the mean axis. The frontal and 
sagittal axes become more vertical and the horizontal axis rotates in an anti-clockwise direction in 
subjects with vertical hearts at | g. In the two subjects with horizontal hearts at rest (M. S. and 
M. K. B.) the changes in all three planes are the opposite of those occurring in subjects with vertical 
hearts. 

The changes in mean axis between | g and 3 g are summarized in Table III in which positive 
signs denote clockwise rotation. 


TABLE Ill 
CHANGE IN MEAN ELECTRICAL AXIS OF THE HEART AT 3 G 








Subject Frontal Sagittal Horizontal 
P. 4: +10 —11 —2 

J. F. +11 —1 +9 

N. K. +24 —25 +6 

P. G. +3 —6 +13 
FZ. +2:°5 —§ +2 

R. B. +9-5 0 +8 

M. S. —10 +6°5 —1 

M. K. B. —4 +1 —6 
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Fic. 3.—Two examples of the change in the manifest electrical axis of the heart during respiration and during the application of 3 g. 
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INSPIRATION 


Fic. 4.—The effect of deep respiration on the electrocardiogram at rest. Note particularly 
the effect on amplitude of QRS and on the T waves. 


To try to relate the changes in electrical axis to alterations in the anatomical position of the 
heart, chest X-ray pictures of three subjects were taken in full inspiration and full expiration. The 
long axis of the heart derived from these radiographs is compared with the frontal manifest electrical 
axis in Table IV. 


TABLE IV 


COMPARISON OF CHANGES IN ANATOMICAL AND ELECTRICAL AXIS DURING DEEP 
INSPIRATION AND EXPIRATION 











Anatomical Axis Electrical Axis 
Subject 
Inspiratior Expiration Range Inspiration Expiration Range 
ELE. +51 +33 +18 +84 +42 +42 
P. G. +58-5 +40 +18-5 +83 +78 +5 
M. K. B. +39-7 +36 +3-7 +67 +18 +49 
DISCUSSION 


The causes of the increase in pulse rate during exposure to positive g are not completely under- 
stood. An important factor is the fall in blood pressure in the carotid sinus, and it may be seen 
that this fall precedes the maximum increase in heart rate (Fig. 1). Another possible cause, however, 
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Fic. 5.—The electrocardiogram during positive acceleration. This shows the increased effect of respiration under 
g and the enhanced T wave modulation which accompanies it. 


is the adrenal medullary response to stress. At 3g there is a significant difference in maximum pulse 
rate reached between experienced and inexperienced subjects. If fall in blood pressure were the 
only factor causing an increase in pulse rate, there would be no difference between the two groups 
of subjects. However, the fact that at 3 g inexperienced subjects show an earlier and greater pulse 
rate response suggests that in these subjects other mechanisms play a more important part. Two 
factors suggest themselves, first an involuntary tightening of the abdominal and leg musculature 
which tends to maintain venous return to the heart, and secondly release of adrenal medullary 
hormones resulting from apprehension at being subjected to an unusual maneeuvre. In support of 
the first is the more rapid pulse response when wearing an anti-g suit. The anti-g suit maintains 
venous return in much the same way as involuntary muscular effort and presumably excites a 
Bainbridge reflex. In support of the second factor, von Euler and Lundberg (1954) have found an 
increased urinary output of catechol amines in inexperienced personnel when flying. At higher g 
levels, where a maximum response is required on hemodynamic grounds, the difference in maximum 
pulse rates tends to disappear, though inexperienced subjects still tend to reach maximum values 
sooner, suggesting that apprehension is still having a significant effect. 

Under positive g the electrocardiogram shows certain changes which are mostly attributable to 
alterations in the electrical axis and pulse rate. The changes are never striking and in most subjects 
respiration caused greater changes than positive acceleration. Curiously enough, respiration 
under g caused as much change in the cardiogram as it did at rest, suggesting that abdominal breath- 
ing is still the most important means of pulmonary ventilation in spite of descent of the diaphragm. 

In the instrumented runs here analysed the only cardiographic abnormality found was the 
occasional supraventricular extrasystole which, however, occurred unrelated to g. Some authors 
(Gauer, 1950; Zuidema et al., 1956) have commented on T wave changes and concluded that 
they are indicative of myocardial anoxia. Reference to Fig. 4 and 5, however, shows that marked 
T wave changes occur during respiration and are positional in origin. In only one record when 
the subject lost consciousness was there even a hint of ventricular strain (Fig. 2). In view of 
the possibility of ventricular strain, it was thought that more subtle analysis of records might give 
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evidence of minor degrees of strain when tolerance was being exceeded. The ventricular gradient, 
i.e. the relationship between excitation (QRS) and repolarization (RS-T and T), is said to be 
useful in interpreting the significance of T wave changes (Houssay, 1955). In some preliminary 
calculations it was found that the ventricular gradient did in fact alter under g, but, as the gradient 
varies both with position and pulse rate, the method was abandoned as an index of ventricular 
strain. 

One of the striking findings in this investigation was the relatively small effect of positive accelera- 
tion on the electrical axis compared with the effect of respiration. However, this result is perhaps not 
so surprising, for at 5 g the diaphragmatic descent is only 6 cm., a figure easily reached by respiration. 
Another factor may be the lack of correspondence between anatomical axis measured from X-ray 
films and electrical axis measured from the cardiogram. 

In conclusion it may be stated that at the levels of acceleration used there is no characteristic 
change in the electrocardiogram. 


SUMMARY 

Electrocardiographic changes under positive accelerative forces have been studied in the human 
centrifuge. 

During g the pulse rate increases. Subjects who are not used to riding on the centrifuge show 
greater increases in rate at 3 g compared with experienced subjects. At higher g this difference 
disappears. The reasons for this are discussed. 

No characteristic cardiographic abnormalities were observed and the evidence for ventricular 
strain is very slender. 

Analysis of the electrical axis showed changes under g, but these were little different in 
magnitude from the changes occurring during respiration. In three subjects no correlation between 
electrical and anatomical axes was found. 
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The increase in pulmonary arterial pressure that occurs when low concentrations of oxygen are 
inspired (von Euler and Liljestrand, 1946) is associated with a fall in pulmonary artery oxygen 
saturation, and results from an increase in pulmonary arteriolar resistance (Motley et al., 1947; 
Lewis and Gorlin, 1952). 

Experiments on isolated perfused lungs in cat and dog (Hall, 1953; Duke, 1954, 1957) suggest 
that it is the alveolar capillary region, rather than the arterioles, that are sensitive to anoxia, but 
whether it is the alveoli or the capillaries that are sensitive to oxygen lack is not known. 

This has been investigated in the intact dog by maintaining the pulmonary artery saturation 
at near normal levels while the concentration of oxygen in the inspired air was reduced. It was 
found that the pulmonary vasopressor response was related to the oxygen content of blood in the 
pulmonary artery. 


MATERIALS AND METHODS 


The apparatus used is illustrated in Fig. 1, and consists essentially of a dog perfused from an 
extracorporeal circulation. 

Preparation. Mongrel dogs of either sex, weighing between 5 and 12 kg.. were anesthetized with 
intraperitoneal nembutal and placed supine. A double-lumen number eight cardiac catheter or two single- 
lumen number six catheters were passed under fluoroscopic control via the right internal jugular vein into 
the right pulmonary artery. Pulmonary arterial pressure was continuously recorded on a Sanborn 
“polyviso” direct writer by a Sanborn electromanometer connected to one catheter. Samples of 
pulmonary blood for the analysis of gas, electrolytes, and metabolites were taken from the other catheter. 

Systemic arterial pressure was also recorded on the Sanborn polyviso cardiograph by a Hansen capacitance 
manometer connected to a polythene cannula in the right femoral artery. Samples of femoral artery 
blood were taken for analysis by a direct puncture of this cannula. 

A continuous electrocardiograph of one standard limb lead was also recorded on the polyviso. 

An endotracheal tube was passed, the cuff was inflated in the trachea, and the dog allowed to breathe 
room air. The endotracheal tube could be connected to a spirometer, including a carbon dioxide 
absorber, which could be filled with gas of any desired composition. 

The dog was given heparin 20 mg./kilo of body weight, and connected with the extra-corporeal circuit. 

Extra-corporeal Circulation. Blood was conveyed from the left femoral artery of the dog through a 
polythene cannula to a pump, and then to an oxygenator mounted vertically on a stand. The oxygenator 
was modified from that described by Gott et a/. (1957) and was made from two thin flexible rectangular 
polythene sheets, each 90 cm. x 55 cm., fused together to outline a continuous hollow channel. This con- 
sisted of a vertical limb 75 cm. x 5 cm. opening at the top into a reservoir 50 cm. x 15 cm. leading in turn 
into a zig-zag of 4 arms, each of which was 40 cm. x 5cm. The oxygenator, which had a capacity of 700 ml., 
and the connecting tubing were primed with heparinized (15 mg./500 ml.) oxygenated compatible blood from 
a donor dog. 

Blood entered at one corner of the base of the oxygenator, was carried upwards in the form of bubbles 
by a stream of gas entering at the same site, and flowed over into the reservoir at the top of the zig-zag, 
down which it ran to the exit at the base. During the downward course of the blood any persistent bubbles 
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Fic. 1.—Experimental arrangement. Catheters in pulmonary artery, cannule in right atrium and both femoral arteries. 


rose to the top, where a vent for priming allowed excess gas to escape. It was soon found that the femoral 
artery pressure alone maintained a good flow of blood into the base of the oxygenator, while the stream of 
oxygen carried it to the top. The pump therefore became unnecessary. The blood was not warmed in 
the extracorporeal circuit. 

During perfusion the level of the blood in the reservoir was kept constant by means of an adjustable 
clamp on the oxygenator outlet tube. Blood flowed through this tube, via a flow-meter and a filter, to a 
cannula inserted into the left internal jugular vein and terminating in the right atrium (Fig. 2). There 
was no pump in this side of the circuit, gravity being sufficient to maintain a right atrial perfusion 
pressure of approximately 75 cm. of water. 

At oxygen flows of 5 or 10 litres per minute, and blood flows of 200 or 400 ml. per minute respectively, 
the blood emerging from the oxygenator was at least 95 per cent saturated, whatever the saturation of the 
blood entering it. 

The right atrium and hence the pulmonary artery could therefore be perfused with highly oxygenated 
blood at constant pressure and known flow rate, whatever the composition of the inspired air. 

Cardiovascular Measurements. All pressures were calculated with reference to the right atrium as zero. 
Cardiac output was generally calculated from femoral and pulmonary artery oxygen saturation and oxygen 
uptake, using the Fick principle; in some experiments cardiac output was also estimated by the injection 
of I!3!-labelled albumin and this method was used when the extracorporeal circulation was in action. 

Chemical Determinations. Plasma sodium, potassium, and chloride were estimated by standard methods, 
lactic acid by the method of Barker and Summerson (1941) and pyruvic acid by the method of Friedemann 
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Fic. 2.—Details of cardiopulmonary preparation. Cardiac catheter terminating in right pulmonary artery, 
polythene cannula terminating in right atrium. 


and Haugen (1943). Blood oxygen saturation was calculated from the oxygen content and capacity of 
blood samples using a Haldane gas analysis apparatus, pO, by the method of Roughton and Scholander 
and pH with a Cambridge electrometer. 


RESULTS 


The Reaction to Hypoxia in the Non-Perfused Dog. Studies were made on six dogs. Control 
observations were made initially with the dog breathing room air or 100 per cent oxygen, but not 
perfused with blood from the extracorporeal circuit. A mixture of 8 per cent oxygen and 92 per 
cent nitrogen was then given; the pulmonary arterial pressure rose within one minute (Fig. 3) 
and remained raised at 25-100 per cent above the resting level of 10-20 mm. Hg. The pulmonary 
capillary pressure, the femoral artery pressure, and the cardiac output remained unaltered (Fig. 4). 
Dogs were rendered hypoxic for about five minutes at a time and during this period the pulmonary 
arterial oxygen saturation fell progressively from the resting value of 50-70 per cent to about 10 
per cent, the decrease being approximately proportional to the increase in pulmonary arterial 
pressure. Within one minute of again respiring the dog with room air or 100 per cent oxygen, 
the pulmonary arterial pressure fell to near original levels. 

In two dogs pH and carbon dioxide content of the pulmonary artery blood were measured before 


and during respiration of 8 per cent oxygen. The pH fell and the pCO, increased, although in one 
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iG. 3.—Mean pulmonary arterial pressure changes during respiration of 8 per cent oxygen and 92 per cent nitrogen. 


other dog no increase in bicarbonate in the pulmonary artery was found during hypoxia. In this 
latter dog pulmonary artery electrolytes (sodium, potassium, and chloride) and metabolites (pyruvic 
and lactic acid) were measured before and during hypoxia. There was no change in the electrolyte 
concentrations, but a slight increase was observed in the concentration of lactic and pyruvic acids 
(Table 1). In another experiment the pulmonary artery of a dog respiring air was perfused with 


TABLE I 


EFFECT OF BREATHING 8 PER CENT OXYGEN AND 92 PER CENT NITROGEN FOR THREE MINUTES ON VARIOUS BLOOD 
COMPONENTS 





Dog respiring After dog respired 
room air 8% 0O2+92% N2 
for 3 minutes 














Plasma sodium .. oa 144:0 mEgq,./l. | 145-0 mEgq./I. 
Plasma potassium = 3-6 mEgq./I. 3-7 mEgq./I. 
Plasma chloride .. es 106-0 mEgq./I. 107-0 mEq./I. 
Blood pyruvic acid ie 0:96 mg.°% 1:0 mg.% 
Blood lactic acid a 4-8 mg.% 5-9 mg.% 
O> saturation °% ae 72 40 

pO, es bh si 35 20 
pCO, wee a 2 42 52 
Plasma bicarbonate es 23 mEq./I. 24 mEgq./I. 





pH Be nis 7:50 7:48 
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Fic. 4.—Effect of breathing 8 per cent oxygen and 92 per cent nitrogen on mean pulmon- 
ary artery pressure, pulmonary artery oxygen saturation, mean pulmonary capillary 
pressure, femoral artery pressure, and cardiac output. 
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20 mg. of lactic acid in 10 ml. saline, and subsequently 10 mg. of lactic acid in 10 ml. saline. The 
pulmonary arterial pressure remained unaltered during either perfusion. 

The Effect on the Reaction to Hypoxia on Perfusing the Pulmonary Artery with Well Oxygenated 
Blood. Since the rise in pulmonary arterial pressure during hypoxia was accompanied by a pro- 
gressive fall in pulmonary arterial oxygen saturation, it was decided to observe the effect of perfusing 
the right atrium, and hence the pulmonary artery, with well oxygenated blood while the dog was 
breathing 8 per cent oxygen. 

Each of a series of experiments with six dogs commenced with the animal breathing air for five 
minutes while control observations were made. The right atrium was then perfused with oxygenated 
blood (95 per cent saturated) at 250-350 ml. per minute. This procedure alone was followed by 
an increase of about 8-10 mm. Hg in the mean pulmonary arterial pressure which was maintained 
thereafter (Fig. 5). During this period the pulmonary artery oxygen saturation increased by about 
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Fic. 5.—Effect of perfusing right atrium with oxygenated blood on pulmonary arterial 
pressure of dog breathing air. Resting cardiac output (I}3:)=640 ml./min. 
Perfusion rate=250 ml./min. 
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Fic. 6.—The effect of breathing 8 per cent oxygen and 92 per cent nitrogen in a dog undergoing right atrial 
perfusion with well oxygenated blood. Cardiac output=820 ml./min. Perfusion rate=250 ml./min. 
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5 per cent. After a steady state had been attained, hypoxia was induced by respiring the dog 
with 8 per cent oxygen and 92 per cent nitrogen. This produced a further rise in the pulmonary 
arterial pressure, although much less than in the non-perfused dog breathing 8 per cent oxygen 
(Fig. 6). The systemic pressure remained unaltered. At the end of a five-minute perfusion period 
the pulmonary artery oxygen saturation had fallen to about 50 per cent. When perfusion ceased 
but hypoxia was maintained, the pulmonary arterial pressure rose as the pulmonary artery oxygen 
saturation fell below 50 per cent (Fig. 7). 


EFFECT OF PERFUSING RIGHT AURICLE WITH 
OXYGENATED BLOOD DURING HYPOXIA. 
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Fic. 7.—The effect on pulmonary hypertension produced by respiring 8 per cent oxygen and 92 per 
cent nitrogen and by perfusing the right atrium with well oxygenated blood. Cardiac output =780 ml./ 
min. Perfusion rate=350 ml./min. 


DISCUSSION 


The observations on the non-perfused dog confirm the findings of Lewis and Gorlin (1952) 
that the rise in pulmonary arterial pressure during hypoxia is caused by an increase in the pulmonary 
arteriolar resistance, since the systemic arterial pressure, the cardiac output, and the “‘ pulmonary 
capillary” pressure remain unaltered. Similar observations have been made in man (Motley 
et al., 1947; Doyle et al., 1952). 

The increase in pulmonary arterial pressure during hypoxia is not altered by ganglionic blocking 
agents, e.g. arfonad (Daley, 1957) and may therefore occur independently of central nervous reflexes 
as a local response from the lung itself. 

Since the rise of pulmonary arterial pressure during hypoxia could be reduced by perfusing 
the pulmonary artery with well oxygenated blood, the air passages themselves cannot be the only 
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region from which pressor impulses arise. It is known that during hypoxia bronchomotor changes 
occur (Duke, 1954) and it is likely that the alveoli themselves are also sensitive to oxygen lack. 
When an isolated lobe of a dog’s lung, which was being perfused with well-oxygenated arterial blood 
at constant pressure and flow rate, was ventilated with 100 per cent nitrogen there was a small 
but immediate rise in pulmonary vascular resistance (Hall, 1953). Since the alveolar capillaries 
were being bathed in arterial blood, the vasoconstrictor mechanisms were apparently initiated from 
regions in the alveoli sensitive to oxygen lack. Such an additional mechanism operating in the 
intact animal may explain the inability to restore completely the pulmonary arterial pressure to 
normal by perfusing the lungs of an hypoxic dog with well oxygenated blood, but this may also be 
due to the impossibility of restoring the pulmonary artery oxygen saturation to normal levels. The 
perfusion rate was always much less than the cardiac output, and hence the highly oxygenated blood 
was always diluted with two to three times its volume of poorly oxygenated blood. 

These experiments suggest, therefore, that the pulmonary vessels are sensitive to anoxia, in 
addition to the alveoli. However, they do not localize the site sensitive to oxygen lack, which 
Duke (1951, 1954) and Hall (1953) have shown to be in the region of the alveolar capillaries. 

Neither have these experiments elucidated the nature of the sensitizing stimulus, but they strongly 
Suggest that it is the diminished oxygen saturation. Duke (1954), however, considers that the pO, 
may be more important than the saturation. On the other hand the sensitizing stimulus may be 
some change in the concentration of the circulating metabolites associated with diminished oxygen 
saturation. 

Although during hypoxia there is a slight increase in the concentration of lactic and pyruvic 
acids, perfusion with these substances was not followed by a rise in pulmonary arterial pressure. 
Similarly carbon dioxide accumulates in the blood during hypoxia, but respiration of 5 per cent 
carbon dioxide in air did not produce a rise in pressure. Therefore, it is unlikely that the stimulus 
is lactic or pyruvic acids or carbon dioxide, but it could be some other undetermined metabolite. 

It is known that 5 hydroxytryptamine when injected into the pulmonary artery produces an 
increase in pulmonary pressure, but Duke (1957) has shown that the rise during hypoxia is not 
related to this substance. Therefore it appears that while there are a variety of substances that 
may stimulate receptors during hypoxia, it is most likely that they are directly sensitive to oxygen 
lack. 

One possible clinical application of these observations is the relief of acute right heart failure 
in cor pulmonale, especially that due to chronic bronchitis, utilizing a heart-lung machine in a 
manner, and for a period of time, not yet determined. By raising the pulmonary arterial oxygen 
saturation it may be possible to lower the raised pulmonary arterial pressure in this condition and 
so diminish right ventricular work. Experiments on these lines are projected. 


SUMMARY 


Vascular responses were studied in anesthetized dogs during the inhalation of 8 per cent oxygen 
and 92 per cent nitrogen for short periods. 

The increase in pulmonary vascular resistance was associated with a fall in the pulmonary artery 
oxygen saturation and could be reduced by maintaining the pulmonary artery oxygen saturation 
in the region of 50 per cent by perfusing the right atrium with well oxygenated blood from an 
extracorporeal system. 

It is concluded that the mechanism producing pulmonary hypertension in the hypoxic dog is 
not only initiated by impulses from receptors located in the air passages but is also elicited from 
receptors in the pulmonary capillaries themselves. 

The possible clinical applications of this observation are discussed. 


Our thanks are due to the Governors of St. Thomas’s Hospital who allowed us to use Endowment Funds, and to 
Miss Stewart for excellent technical assistance. 
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In spite of the great interest taken in cardiac malformations in recent years, few accurate figures 
are available, even in children, regarding their incidence and the life expectation in various types of 
lesion. Some studies of the frequency and significance of cardiac murmurs have been made in 
newborn infants, who have been followed up to the age of one or two years (Lyon et al., 1940; 
Taylor, 1953; Richards et al., 1955a; and Gyllensward, 1956) but the information gained in this way 
is not decisive since these early murmurs, even when persistent throughout infancy, do not always 
signify cardiac malformations and, vice versa, many cases of congenital heart disease are not 
diagnosed until later. Investigations in school children (Rauh, 1939; Robinson et al., 1948; and 
Stuckey ef al., 1957) on the other hand, exclude the cases of cardiac malformation that have the 
worst prognosis and, consequently, die during infancy and early childhood. Most figures concern- 
ing the frequency of the individual lesions are obtained from necropsies (e.g. Abbot, 1936) or cardiac 
clinics (e.g. Wood, 1950; and Nadas, 1957) and are, therefore, not representative. 

A determination of the over-all incidence of congenital heart disease and the relative frequency 
of the various types would require a field investigation within a given area with registration and 
examination of all known cases. To my knowledge only two investigations of this kind, both on 
children, have been made hitherto. 


RESULTS OF EARLIER STUDIES 


In the first of these (Gardiner and Keith, 1951) the prevalence of heart disease (congenital and 
acquired) in Toronto children in the year 1948-49 was studied. Among a total of 74,450 children 
from 5 to 15 years of age the authors found 151 with congenital heart disease, all of whom were 
carefully examined by one of the authors—an incidence of 2:1 per thousand. There were 291 cases 
among the 134,367 children of all ages between 0 and 15 years (2:2 per thousand). Ventricular 
septal defect was the most common individual lesion followed next by patent ductus arteriosus, 
tetralogy of Fallot, atrial septal defect, and isolated pulmonary stenosis. During the year 1948-49 
there were 29 children who died from congenital heart disease, 24 of them during the first year of 
life. The most common causes of death were tetralogy of Fallot, transposition of the great vessels, 
anomalies of the aortic valve or ascending aorta, and ventricular septal defect. Because of the 
small proportion of infants in this series and the fact that most deaths occur in infancy, no accurate 
figures are available from this study about the mortality rates in the different lesions. 

In the second study the problem was approached in a different way. MacMahon et al. (1953) 
collected the data of all known cases of congenital heart disease in children born in the years 1940-49 
to mothers domiciled within the administrative boundary of Birmingham, using the records of all 
necropsies conducted in the various hospitals in the city, the clinical records of all patients by 
consultants and surgeons or under the supervision of school medical officers, and the local authority 
registers of infant deaths. There was a total of 199,418 births of which 5202 were stillbirths and 
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194,216 live births. The incidence of congenital heart disease was 1-0 per thousand in the former, 
and 3-2 per thousand in the latter group. Two main sources of error were mentioned, namely (i) 
deaths wrongly attributed to congenital heart disease in cases without necropsy (mostly early 
domiciliary deaths) and (ii) the omission of patients who had not come to medical attention at the 
time of enquiry. With due allowance for these errors the authors concluded that the estimated 
incidence of 3-2 per thousand total births should only slightly understate the true incidence. 

From their data, MacMahon et al. estimated the life expectation of children born with congenital 
heart disease. Of ten affected born alive, two would have died by the end of the first week, between 
three and four by the end of the first month, and six by the end of the first year. Only three to four 
would survive to the tenth birthday. As a consequence of this high mortality the incidence of 
congenital heart disease in children alive at ten years was estimated to be only 1-1 per thousand 
against 3-2 per thousand in infants alive at birth. This is far below the figures given by the Toronto 
group (2-1 per thousand) and by Stuckey ef al. (2-8 per thousand) for school children 5-15 years. 

Of the 633 total cases of congenital heart disease in the Birmingham series the diagnosis was not 
specified in 261 (42°): 145 of these had died and had not been submitted to necropsy or 
examined before death by a consultant, 10 were seen by the school medical officer only, and 106 
had been examined by consultants (and not submitted to operation or necropsy) without any 
specified diagnosis being made. Of the 372 cases with a specified diagnosis 236 were examined 
post mortem, 19 were operated upon for persistent ductus, and 117 were seen by consultants (with 
full investigation including angiocardiography and cardiac catheterization in 28 cases and partial 
investigation in 89). The most common lesions were, in order, ventricular septal defect, persistent 
ductus arteriosus, transposition of great vessels, coarctation of the aorta, atrial septal defect, com- 
bined or not specified defects, tetralogy of Fallot, simple pulmonary stenosis, and persistent common 
truncus. 

The investigations of Richards et al. (19555) should be mentioned. As part of a comprehensive 
study of the relationship between infections and other complications of pregnancy and the outcome, 
they determined the frequency of congenital malformations of the heart in an unselected population 
of 6053 infants, who were followed from birth to the age of one year. Those in whom a congenital 
heart lesion was suspected, but not certain or not completely diagnosed, at the 1-year follow-up were 
examined by a cardiologist. The over-all incidence in this series was 8-3 per thousand births 
(54 per thousand stillbirths and 7-6 per thousand livebirths). These figures are far above those 
found by MacMahon et al. and would probably rise further if the children were followed up for 
longer. Possibly some of the surviving cases where a provisional diagnosis of septal defect was 
made (16 cases out of 20) will later prove not to have congenital heart disease since it is known that 
murmurs heard in infancy and thought to be organic may disappear later, but every case was very 
carefully examined. This is illustrated by the fact that the only cardiovascular malformation found 
in 6 of the 20 autopsies was an abnormal origin of the right subclavian artery or absence of the right 
hypogastric artery, anomalies that might have escaped notice at a routine necropsy. When these 
slight malformations are omitted the death rate from congenital heart disease in this series is 2:5 per 
thousand livebirths, which agrees well with the 2:3 per thousand found by MacMahon ef al. As 
regards frequency of the separate lesions there were as many as 8 cases of tetralogy of Fallot among 
the 43 born alive with cardiac malformation, which is a far greater percentage than that found by 
others. Of interest in this connection is the suggestion of the authors of a possible relationship 
between the herpes simplex infection in the first trimester of pregnancy and tetralogy of Fallot in 
the child. 


RESULTS AT GOTHENBURG 

The city of Gothenburg (ca. 393,000 inhabitants in 1957) seems to be well suited for a study of 
this subject. A cardiac clinic was opened at the Children’s Hospital in 1951 and from the outset 
has been conducted by the author. All cases of certain or suspected heart disease known to the 
school health officers, the physicians in charge of the child health centres, and the general practitioners 
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of the city have been referred to the clinic, where the author has personally examined all of them. 
Practically all births take place in the two maternity hospitals, where all newborn infants are examined 
by pediatricians on at least two occasions, at birth and before discharge. Finally, autopsy is very 
seldom refused and has been performed in a large percentage of the deaths. 

The study, which was begun in 1951, covers all known cases of congenital heart disease among 
infants born in 1941-50 to mothers domiciled in the city of Gothenburg. Practically all the 
children with cardiac murmurs registered in the newborn period, who have not otherwise (see above) 
come into contact with the cardiac clinic, have been traced and when desirable examined by the 
author. A few children who have moved to another area have been seen by other physicians and 
their findings evaluated. In those children who died without having necropsy (none of them was 
seen by the author) the validity of the clinical diagnosis was judged from all available data. 

Incidence. The incidence of congenital heart disease in stillborn infants could not be established 
with certainty, since autopsy records are lacking in many stillbirths during the earlier years under 
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Fic. 1.—Annual incidence of congenital heart disease compared with annual birth-rate (live births) 
during the period under investigation. There were 369 cases among 58,105 live births (0-64). 


investigation. Among 408 stillborn babies, cardiac malformations were found in three cases 
(persistent common truncus in two and transposition of great vessels in one). This number is too 
small to have any statistical value and this is true of the series of Richards et al. also (6 cases among 
111 stillbirths >500 g.). In contrast, MacMahon ef a/. found only 5 cases among 5202 stillbirths, 
which is a remarkably low figure: it is hard to understand why the incidence should be lower in 
stillborn than in liveborn infants. 

There were 369 cases of congenital heart disease in a total of 58,105 livebirths taking place during 
the period of investigation—an over-all incidence of 6-4 per thousand (Fig. 1), which is double that 
found by MacMahon ef al. (3-2 per thousand). The difference may be real but is more likely due 
to omission of several mild cases in the Birmingham investigation, partly because of the shorter period 
of follow-up (3-11 years against 7-16 in the present study). This view is supported by the fact that 
the mortality rate from congenital heart disease, when given as a percentage of liveborn children, 
was about the same in the Birmingham series and in the present one (2-3 and 2-5 per thousand, 
respectively). Another explanation would be, of course, that congenital heart disease has been 
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diagnosed too readily by us. It is true that most of the surviving cases have not been submitted to 
heart catheterization or angiocardiography (appendix), but the clinical signs supported by electro- 
cardiogram, phonocardiogram, X-ray, and electrokymogram have been highly suggestive in all of 
them. 

Sex Ratio. Of the 369 cases, 204 (55°,,) were boys and 165 (45%) girls. In the Toronto series 
the corresponding figures were 51 and 49 per cent, and in the Birmingham cases 53 and 47 per 
cent, respectively. 

Familial Incidence and Heredity. The present material is not well suited for a study of the familial 
incidence of congenital heart disease, owing to the small number of cases. An estimation of the 
risk of having more than one affected child in a family should be based on the number of later-born 
siblings which, however, has not been brought up to date in most cases. In this series, only 104 
siblings are known to have been born after the affected children in 81 families, and two of them had 
congenital heart disease. Both these children had proven pulmonary stenosis. McKeown et al. 
(1953) found six cases of cardiac malformation in 342 later-born siblings of 417 affected children, 
which was about six times the expected incidence of 3-2 per thousand. 

In 3 instances out of 286 families where the history was taken, one parent was known to have a 
congenital heart lesion. Although the number is too small for statistical conclusions it is perhaps 
noteworthy that of these three pairs aortic stenosis was present in son and father in two, and atrial 
septal defect in daughter and father in the third. It is at least tempting to think of a hereditary 
factor working here. In two instances the affected child, in each case with the tetralogy of Fallot, 
was a homozygous twin: in both, the other twin was normal. 

Pregnancy and Virus Infections. \n 269 cases the mother was asked about rubella or other virus 
diseases during early pregnancy. A positive reply was obtained in seven cases only (rubella in 
five, and measles and mumps in one case each). This figure is not reliable since the investigation 
was retrospective on this point and the incidence of rubella in mothers giving birth to normal 
children was not known. It conforms, however, not only with other retrospective studies but also 
with the prospective investigation by Richards et al. (1955) who were unable to find any close 
relationship between congenital heart lesions and infections during early pregnancy; however, only 
four cases of rubella were encountered in their series of 5964 pregnancies. Lundstrém (1958) on 
the other hand, has noted 12 proven cases and a further 18 with probable congenital heart disease 
among the children of 600 women who contracted rubella in the first four months of pregnancy 
during an epidemic in Sweden in 1951, making an incidence of 2 to 5 per cent. The incidence of 
cardiac malformations in an equal number of controls has been 0-5 to | per cent, the difference 
being statistically significant. 

The finding of a persistent ductus arteriosus in 6 of the 7 cases in the present series where the 
mother had virus disease is impressive, since the total number with a persistent ductus where a 
history of pregnancy was taken was only 28. Apparently, maternal virus disease may be a causative 
factor at least in this single malformation. This agrees with some other reports in which persistent 
ductus has been found to be the most common lesion caused by maternal rubella (Gibson and Lewis, 
1952, and Stuckey, 1956). 

If virus disease were an important causative factor in congenital heart disease, one would expect 
to find a seasonal variation in the numbers born with heart lesions, since rubella and measles and 
mumps have their peak of incidence in late winter and early spring. However, in the present series 
the months of birth are fairly evenly distributed over the year and periods of widespread epidemics 
of measles and mumps (rubella not being notifiable) have not been followed by a corresponding 
increased frequency of congenital heart disease. Rutstein et a/. (1952) found a seasonal incidence 
in their 254 cases of persistent ductus (with a peak in October to January) which roughly corres- 
ponded with that of rubella notification in Massachusetts seven months earlier. Record ef al. 
(1953) in a series of 166 persistent ductus cases noticed a seasonal fluctuation only in girls, but were 
unable to show any relationship between this fluctuation and the seasonal incidence of rubella. In 
the prospective investigation of Richards et al. (1955) no seasonal concentration of conceptions 
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was revealed, but the numbers in their series were rather small. In the present study there seems 
to be a fairly good correlation between the number of infants with congenital heart lesion born every 
year, and the total number of livebirths (see Fig. 1). 


Mortality 


Most deaths occurred during the first month of life (81 cases), 52 of these dying in the first week: 
32 died during the next five months. A further 12 died before the age of one year, 9 in the second 
and third years, 6 between the ages of three and six years, and 5 between seven and fourteen years. 
The cumulative mortality is shown in Fig. 2. 
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Fic. 2.—Cumulative mortality rate by the end of different age periods. 


This age distribution of deaths is in good conformity with the figures given by MacMahon et al., 
and the total mortality, 145 deaths out of 58,105 live births (2-5 per thousand) is of the same order 
as in their series. The follow-up time in the present study exceeds theirs by about five years, but 
this is not of much importance since more than 90 per cent of all deaths occurred before the age of 
three years. 

In 79, or slightly more than half the cases, other causes contributed to the fatal outcome. They 
were at least partly responsible in two-thirds of the 81 deaths in the first month: birth trauma and/ 
or asphyxia in 19 cases (23%), lower respiratory disease or other severe infection in 22 (25%), 
associated gross malformation outside the heart in 5, and a birth weight less than 2000 g. in 8. Of 
the 44 deaths during the rest of the first year, signs of severe, lower respiratory infection were 
present in 17 (21%). 

There were 34 mongols in the total series, 19 of whom died. Other associated malformations 
were present in 29 cases, with 23 deaths. Obviously, congenital heart disease when combined with 
other deformities has a higher mortality (about two-thirds in this series) than if it occurs as a single 
lesion (about two-fifths). 
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The percentage with associated malformations other than mongolism (14 out of 43 live births) 
was far greater in the series of Richards et al. than in the present one, probably because malforma- 
tions were more thoroughly searched for, owing to the prospective nature of this investigation, and 
also in the series of MacMahon et al. (21%), perhaps because they included a smaller proportion of 
mild cases. 

224 cases (61%) are still alive, the period of follow-up varying between 7 and 16 years. This 
percentage is far above that given by MacMahon eft al., according to whom only between 30 
and 40 per cent would be expected to survive ten years. A possible explanation (the omission of 
several mild cases) has already been discussed. 


RELATIVE INCIDENCE OF THE INDIVIDUAL LESIONS 


The accuracy with which a specific diagnosis of cardiac malformations can be made depends, of 
course, on the diagnostic methods used. Autopsy has been performed in all but 17 of the 145 
deaths in the present series. Three of the exceptions were “‘blue babies” and six were mongols 
who probably had a common atrio-ventricular canal or some other kind of septal defect. The 
diagnoses are listed in Appendix A. 

The method of diagnosis used in the 224 surviving children is shown in Appendix B. Full 
investigation, including heart catheterization, selective angiocardiography, and/or operation has 
been carried out in 103 cases. Only clinical examination with some of the tests mentioned was 
performed in the remaining 121 cases. 

The diagnosis should be reasonably reliable even without special investigations in cases of 
persistent ductus, of moderate or severe aortic or pulmonary stenosis, and of atrial septal defect. 
The typical murmur in ventricular septal defect should also enable a positive diagnosis in most 
cases. A group of cases remains, however, in which no specified diagnosis has as yet been reached 
(30 cases). This includes thirteen mongols in whom an accurate diagnosis has not been called for, 
three other children with loud systolic murmurs who have not been seen by the author, and five 
others with harsh, basal systolic murmurs where it has not been possible to differentiate clinically 
between valvular (or infundibular) stenosis or septal defect and investigation has been refused. 
Finally, there are nine cases that may be examples of mild pulmonary valvular stenosis or idiopathic 
pulmonary dilatation or small atrial septal defects, where we have refrained from investigation owing 
to the complete absence of symptoms. The death rate of the individual lesions is shown in Fig. 3. 

Ventricular septal defect was the most common individual lesion in this series (99 cases; see 
appendices and Fig. 3). Although this malformation carries a rather high death rate in infancy, 
most cases are clinically insignificant. Next came coarctation of the aorta (36 cases), most cases of 
which may have been of the so-called infantile type with a right-to-left shunt through the ductus 
arteriosus; the few surviving cases are all of the ordinary type although a persistent ductus was 
present in two. Third in order came persistent ductus arteriosus (35 cases). The seven deaths 
with this malformation have all occurred in the first month of life. It is, therefore, questionable 
if all of these really represent deaths from congenital heart disease, but only those are included 
where the ductus has been unusually wide, sometimes as wide as the aorta, and where the heart 
had been enlarged. However, in three of the five who died in the first week there was intracranial 
hemorrhage and/or asphyxia; this may have been the main cause of death, the large heart being due 
to respiratory distress. 

Fourth in order were atrial septal defects of various kinds with or without anomalous pulmonary 
venous drainage (32 cases). The mortality rate has not been low in these malformations’ either. 
The proportion of cases with anomalous drainage of pulmonary veins is rather high which agrees 
with our experience elsewhere; the three deaths so far have been instances of total vein transposition. 

Next in order are stenosis or atresia of the aortic valve (24 cases), transposition of the great 
vessels (22 cases), pulmonary stenosis without over-riding aorta (18 cases) and tetralogy of Fallot 
(15 cases). Aortic atresia and severe aortic stenosis have a poor prognosis, as have mitral atresia 
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and stenosis, which are in themselves rare conditions; and transposition of the great vessels is seldom 
compatible with life beyond the first year. Pulmonary stenosis without over-riding aorta, on the 
other hand, has a good prognosis in children but this may have been influenced, as in tetralogy of 
Fallot, by surgical intervention. All cases of tetralogy who have died had pulmonary atresia, and 
the only death after operation belongs to this group. 

The less common lesions like persistent truncus arteriosus, tricuspid atresia, and other more 
complicated malformations will not be considered in detail. 

Sex Ratio. The predominance of girls with persistent ductus is well known and is seen also in 
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Fic. 3.—Incidence of and mortality rate in the individual types of congenital heart disease. 





this series (20 of the 28 surviving cases). All of the seven deaths with this lesion, however, occurred 
in boys, which may perhaps be an additional argument against the significance of patency in at least 
some cases. Among the five surviving cases of coarctation of the aorta are four boys; when fatal 
cases are included there are 21 boys and 15 girls. In transposition of the great vessels the proportion 
is 15 to 7. The predominance of boys in ventricular septal defect (62 out of 99) was not expected; 
the difference is probably significant but not statistically so. As regards the other lesions no sex 
difference has been found. 

Age of Child at Recognition of Congenital Heart Disease. The age when cardiac malformation is 
first recognized is important from a therapeutic point of view since in most operable cases the pre- 
school age is the optimal time for surgery; indeed some of the more severe lesions have to be operated 
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on even earlier. For the sake of simplicity only the surviving cases in the present series will be 
considered in this respect. 

Of the 224 cases a murmur or other signs suggestive of congenital heart disease were found in 
71 cases in the newborn period. In another 58 the diagnosis was established or at least suspected 
before the age of one year. Ina further 48 the diagnosis was made between one and seven years 
of age but in no fewer than 47 it was not made until between seven and fourteen years. 

In Sweden children begin school at seven years and are all medically examined at this age. Most 
have attended the children’s welfare centres during pre-school age but quite a number may not have 
been under medical supervision since their first year of life. In the present series the heart lesion 
was diagnosed for the first time at this school examination in 23 cases, including one case of atrial 
septal defect, one case of coarctation of the aorta, four cases of persistent ductus and two cases of 
pulmonary stenosis. Moderate aortic stenosis was found in four cases and insignificant ventricular 
septal defects in nine. The diagnosis could not be established in the remaining two. 

In 24 cases the heart lesion was not detected until a later routine examination was made (including 
mass radiography). Among these were five cases of atrial septal defect ; two cases each of anomalous 
pulmonary venous drainage (with atrial septal defect), patent ductus, aortic stenosis, idiopathic 
pulmonary dilatation and isolated dextrocardia; and one case of vascular ring. Four had small 
ventricular septal defects, and in four no certain diagnosis could be made. 

In this series, therefore, 15 cases which now have been operated upon or need to be had escaped 
notice until the age of seven years or later. 

Among the 129 cases where cardiac malformation was recognized or at least suspected before 
the age of one year are, besides the cyanotic lesions, all known cases of ventricular septal defect with 
marked left-to-right shunt, all ostium primum defects, and 12 of the 14 cases of simple pulmonary 
stenosis; while only 8 of the 28 persistent ductus cases and 4 of the 18 with atrial septal defect and/or 
anomalous pulmonary venous drainage were detected at this early age. 

However, among the cases known to have had murmurs already in the newborn period or at 
least before one year of age, there are also some fifty cases of mild or insignificant ventricular septal 
defect and other lesions of slight degree. The age when a cardiac malformation is first recognized 
in a child obviously bears no close relationship to the severity of the lesion. 

Incidence of Operable Lesions. To the pediatrician as well as the surgeon it must be of interest 
to know the incidence of cardiac malformations amenable to surgery. In the present series of 
369 cases 49 have been operated upon so far, and the number of individual lesions and the operative 
mortality is given below.* 


Diagnosis Number of cases Deaths 
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In all operations hitherto a closed technique has been used. Some further 15 cases should have 
surgical intervention in this way but for various reasons it has been delayed. When a pump- 
oxygenator becomes available, at least 10 cases with ventricular septal defects or ostium primum 
defects should be considered. In addition some 10 of the 145 deaths (septal defects, pulmonary 
stenosis) might possibly have been avoided if surgery had been available. 

Altogether, the incidence of cases amenable to surgical treatment amounts to about 20 to 25 
per cent of the total number of cardiac malformations in this series. This may seem a rather small 
proportion, but the number of mild or clinically insignificant cases is even greater (about 30%). 


* The operations were performed by G. Pettersson, M.D., Chief Surgeon, Children’s Hospital, Gothenburg. 
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In addition, nearly 10 per cent are mongols in whom the benefit of surgery is questionable. How- 
ever, when such severe malformations as transposition of great vessels, aortic stenosis, and coarcta- 
tion of aorta (infantile type) are amenable to surgical treatment the percentage of operable cases 
will be greater. 


SUMMARY 


The incidence of congenital heart disease in children born alive in Gothenburg during the years 
1941-50 has been investigated. Information was collected from all available sources and practically 
every child who was known or suspected to have cardiac malformation and was still alive in 1951, 
when the study was begun, was examined by the present author. 

The over-all incidence was 369 cases in 58,105 liveborn children or 6-4 per thousand—about 
twice as many as in a similar series of MacMahon et al. (1953): the possible explanation for the 
difference is discussed. The death rate during the time of follow-up (7 to 16 years) was about 
40 per cent or 2-5 per thousand live births. 

The diagnosis was specified in 87 per cent of the cases either by autopsy, heart catheterization, 
or careful clinical examination, which was repeated if necessary, and the figures for the relative 
incidence of individual lesions are presented. Finally, an estimate is made of the number of cases 
amenable to surgery at the present time. 


I am indebted to Dr. Harry Larsson, Head of the Radiological Department, who carried out the X-ray examina- 
tions, and to Mrs. Anna-Greta Glimnert and Miss Dana Samuelsson, who assisted in collecting the material. 
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APPENDIX A 


Specified Diagnosis in the 145 Fatal Cases 
Number of cases 





Diagnosis Boys Girls All Age at death 
<lw. ilw.to 1mo.to >l yr. 
1 mo. 1 yr. 
Transposition of Great Vessels .. sie at ae 7 20 
(a) With ventricular septal defect .. wi 2 51 1 
(b) With intact ventricular septum .. i 3 1 6 
(c) Both vessels arising from RV... Fes 22 
Persistent Common Truncus Arteriosus .. 3 1 4 3 1 
Eisenmenger Complex... 1 1 13 
Morbus Ceruleus with De xtrocardia 1 1 2 1 14a 
Tricuspid Atresia .. 1 1 15 
Pulmonary Atresia or Stenosis 
(a) Tetralogy of Fallot (pulm. atresia) 4 4 1 Zz 14b 
(6) With intact ventricular septum 2 2 4 2 1 1 
Mitral Atresia or Stenosis 3 3 1 16 1 
Aortic Atresia or Stenosis ee a 8 6 14 
(a) Aortic atresia om si a wf 37 
(b) Aortic stenosis re ae ~ ” 38 48 38 
(c) Fibroelastosis aya ee ne - 1 
Coarctation of Aorta = ee a ee 14 31 
(a) With patent ductus arteriosus ae em 17 109 3 
(6) Ductus arteriosus closed a 1 
Congenital Heart Hypertrophy 2 2 2 
Patent Ductus Arteriosus (as single lesion) ‘ 7 E 5 2 
Anomalous Pulmonary Venous Drainage (total) 2 1 3 ys 1 
Atrial Septal Defect is - a 4 6 
(a) Ostium primum .. ae sa a 1 1 
(b) a secundum .. a a aes 1 1 
(c) Not specified ‘ ‘3 ~ a 1 1 
Ventricular Septal Defect de a ss we 10 22 
(a) As single lesion .. as A a 610 2 3 
(b) With ASD or PDA ; 3 1 3 
(c) ,, pulmonary stenosis but no over- 
riding of aorta ; ns 5 2 
Common Atrioventricular Ci ‘anal 1 3 4 1 2 1 
Lesion not specified (a) (mongols) 3 3 6 1 5 
(b) (others) .. 5 6 11 611 512 
All Cases .. i “ = ats a 61 145 32 29 44 20 


Notes to Appendix A 


1 Pulmonary atresia in one case. 

2 Pulmonary stenosis in one case. 

3 Over-riding of aorta; pulmonary stenosis not noted. 
4a Died 6 weeks after operation from purulent pericarditis. 
4b Died at operation. 

5 Transposition of great vessels and pulmonary stenosis (?). 

© Mitral atresia. 

7 Atresia or hypoplasia of aortic arch, and patent ductus with probably foetal shunt direction in two cases. 
8 Myxomatous excrescences in one case. 

9 Aortic stenosis in one case. 

10 Single ventricle in one case. 
1l Morbus cceruleus in one case. 
12 Morbus cceruleus in two cases. 
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APPENDIX B 
Specified Diagnosis in the 224 Cases Alive at the Time of Writing 


Number of cases 








Diagnosis Full Partial 
Investig.* Investig. f Boys Girls All 
Transposition of Great Vessels .. ‘ 11 1 z 2 
Persistent Common Truncus Arteriosus 12 1 1 
Morbus Ceruleus with Dextrocardia 13 1 1 
Morbus Ceruleus, of unspec _ type .. 14 1 1 1 2 
Tricuspid Atresia 45 2 2 4 
Pulmonary Stenosis 
(a) Tetralogy of Fallot 11 6 sg 11 
(6) With intact atrial and ventricular septa 116 2 q 6 13 
(c) With ASD (ventricular septum intact) 17 1 1 
(d) Coarctation of pulmonary artery 28 2 2 
Idiopathic Pulmonary Dilatation 3 2 1 3 
Aortic Stenosis 49 6 5 5 10 
Coarctation of Aorta + 1 5 
(a) With patent ductus arteriosus 2 
(6) Ductus arteriosus obliterated 3 
Vascular Ring... 2 2 2 
Patent Ductus Arteriosus (as single lesion) is 2310 5 8 20 28 
Anomalous Pulmonary Venous Drainage (partial) with ASD gil 5 3 8 
Atrial Septal Defect ay 7 8 15 
(a) Ostium primum (or A-V ‘commune) 4 
(b) a secundum ss 6 
(c) Cor triloculare 1 
(d) Not specified 4 
Ventricular Septal Defect 15 62 50 27 77 
Septal De yr not specified 4 4 + 
Complete Heart Block [12 2 3 3 
Isolated Dextrocardia (without other lesion) . 2 1 1 2 
Lesion not specified (a) (mongols) 13 6 7 13 
(5) (others) 17 6 11 17 
All Cases .. 103 121 120 104 224 


Notes to Appendix B 


* Includes cardiac catheterization, angiocardiography and/or operation. 


+ Includes clinical investigation, ECG, phonocardiography, X-ray and sometimes electrokymography. 


: Single ventricle; aorta arising left frontally; probably pulmonary stenosis. 


2 Pulmonary infundibular stenosis and valve atresia; over-riding aorta; 


clavian artery to the lungs (dilated bronchial artery ?) 


3 Corrected transposition of great vessels; pulmonary stenosis. 


4 Anomalous drainage of systemic veins to left atrium; 
pulmonary hypoplasia. 


atrial septal defect; 


one great vessel passing from left sub- 


underdeveloped right ventricle; 


5 Transposition of great vessels and pulmonary stenosis in one case; under-developed left (?) ventricle and aorta, 


and reduced pulmonary flow in one case; pulmonary atresia in two cases. 
6 Valvular stenosis in ten cases; combined valvular and infundibular in one case. 


7 Combined valvular and infundibular stenosis. 
8 In both cases at the site of bifurcation. 


9 Associated right heart lesion excluded by cardiac catheterization. 


10 Left-to-right shunt in all cases. 


11 One or two pulmonary veins opening into superior caval vein or (most often) into right atrium. 


12 Probably small ventricular septal defect. 
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Certain conditions found in human congenital heart disease are probably genetic in origin 
(Cockayne, 1938; Polani and Campbell, 1955), but sometimes they may be correlated with an environ- 
mental factor, namely the infection of the mother with rubella during early pregnancy. Thus there 
appears to be no single cause of congenital heart abnormality; sometimes genetic causes and some- 
times environmental causes are implicated. The purpose of this article is to draw attention to 
certain general problems of heart development in vertebrate animals and to some recent experi- 
mental work on various vertebrates which may help towards a clearer understanding of the parts 
played by genetic and environmental factors in the production of congenital abnormalities of the 
heart. 


GENETIC AND ENVIRONMENTAL FACTORS IN HEART DEVELOPMENT 


When a zygote is formed by the union of gametes, it will develop into a normal animal if its 
genetic constitution is normal and if the environment in which development takes place is normal. 
The difficulty that arises in considering all forms of abnormal development is to distinguish between 
abnormalities due to genetic factors and those due to environmental factors. In the case of human 
abnormalities it is desirable to ascertain the cause of abnormality if, by so doing, it is possible to take 
any action that will lessen the likelihood of the birth of congenitally malformed children. If, for 
example, it could be shown that hereditary factors were involved, advice on the desirability or other- 
wise of marriage between certain partners could be given. If environmental factors were shown to be 
implicated, it might be possible to prevent such conditions arising by ante-natal care. Clearly in 
congenital heart disease the causes of abnormality are of more than academic interest. The 
difficulty of separating genetic and environmental causes arises from the fact that, whatever the 
cause, the abnormality is only recognizable after it has been formed, that is when both hereditary 
and environmental factors have made their contribution to the form of the organ under consideration. 

The early formation of an organ is clearly under genetic control. The cells that occupy a certain 
position in an embryo normally form certain tissues and organs of that embryo, and experimental 
analysis of embryos has shown when in time the fate of cells in certain parts of the embryo becomes 
fixed, and also how certain cell masses, as well as becoming fixed in their ultimate fate, have the 
power of inducing neighbouring cells to take on a certain form of development in their turn. This is 
equivalent to saying that the fate of a cell is determined in relation to its position with regard to other 
cells or to its cellular environment. The differences between cells at this stage are chemical ones and 
they are said to be chemo-differentiated, whereas when visible differences have been established they 
show histo-differentiation. Such chemo-differentiation is due to the interplay of the genetic constitu- 
ents of the nucleus and the cytoplasm which forms its environment. This cellular environment is 
under genetic control and the factors operating here are genetic ones. This phase of development 
quickly merges into another in which internal mechanical forces, set up when the heart begins to 
function, clearly form an important part of the internal environment. These forces will fall to be 
51 
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considered in some detail, as several authors have attributed abnormal heart development largely 
to abnormal mechanical stresses at this stage. Clearly such abnormal stresses could be brought 
about by previous genetic variations altering the normal course of blood flow, in which instance such 
abnormality would be geneticin origin. Or it might be that some factor external to the embryo might 
interfere with either the speed or volume of the blood flow in which instance the abnormality would 
be attributable to factors in the external environment. 

External environmental factors that are clearly not under genetic control are those that have 
to do with the supply of nutrients, gases, and other materials needed by the developing embryo. 

Finally, it is necessary to mention the influence of radiation and other external factors, such as 
mitotic poisons, which may have an influence on the developing embryo through its genetic constitu- 
tion and not by simple mechanical interference during the course of morphogenesis. 


GENERAL ANATOMICAL FEATURES OF HEART DEVELOPMENT 


The heart in all vertebrates is formed from two mesodermal primordia, left and right, which unite 
below the midline of the gut. In the developing chick, before union, these primordia take the form 
of endocardial tubes, and they first coalesce in the region that will form the bulbus cordis, their 
further union taking place in a caudal direction. The single tube of endothelium thus formed is 
quickly covered by the myocardial layer and, as soon as this has happened, the twitchings in this 
musculature mark the beginning of the heart’s activities. 

As is well known, the heart does not remain as a straight tube but takes on the typical S- 
bend whereby the atrial region comes to lie cephalad of the ventricular region, and also the twisting 
is such that the ventricle comes to lie distinctly to the right of the midline. In those hearts in which 
the left and right sides become separated, i.e. in mammals and birds, subsequent changes of disposi- 
tion have to take place to correct this extreme right movement of the ventricular portion, so that 
longitudinal partitions dividing the atrium, the ventricle, and the bulbus cordis come to lie in approxi- 
mately the same straight line. The details of the processes by which this is accomplished in birds 
and in mammals are not the same; this is only to be expected in view of the separate origins of these 
groups from early reptiles, which will be mentioned later. 

Hand in hand with the development of the heart, itself, goes the development of the six pairs of 
arterial arches (Fig. 1). In all the land-living vertebrates the first two pairs make but brief appear- 
ances and are already declining before the more posterior vessels are fully formed. The third pair of 
arches, which give rise to the carotid arteries, are well developed in both birds and mammals and in 
both these groups the fourth pair alsoappear. In birds (Fig. 1, D) the fourth right arch becomes 
the definitive aortic arch, and into this arch opens the ductus arteriosus of the right side. The fourth 
left systemic arch in birds disappears but, nevertheless, there is a ductus arteriosus on the left side as 
well, which joins the sixth arch to what appears to be the remains of the left systemic but is really 
part of the lateral dorsal aorta of that side. In mammals (Fig. 1, E) both fourth arches persist, the left 
as the root of the aorta joining the lateral dorsal aorta, the right as the base of the subclavian artery, 
the right lateral dorsal aorta disappearing in this case. In both birds and mammals the sixth arches 
form the pulmonary arches. The fifth pair of arches are usually regarded as being evanescent in 
their appearance but, in work that will be reviewed below, Stephan (1952) reported that it frequently 
did not appear in embryo chicks and it seems equally difficult to find in embryo mammals. 


Abbreviations used in Fig. 1 and 2. 


1-6 The six aortic arches 

an. anastomosis p.a. pulmonary artery 

d.c. ductus caroticus, patent in some reptiles r.du.a. right ductus arteriosus 

Ls.a left systemic arch r.S.a. right systemic arch 

hse. left subclavian artery S.S.C. secondary subclavian (of crocodiles and birds} 


x. the external carotid artery becomes interrupted in this region 
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sales Fic. 1.—The normal fate of the primary six pairs of arches, ventral view. (A) Embryonic stage, all six arches shown. 

irds) t (B) Urodele amphibian. (C). Reptile. (D) Bird. (E) Mammal. The arches that disappear in development are 
stippled; venous blood, black; mixed blood, shaded. A\ll vessels are shown in an arbitrary manner related to the 
primitive scheme; in life they are generally straightened out and their proportions altered. In birds (D) a secondary 
anastomosis (an.) develops between internal and external carotid at the top of the neck, and external carotid 
disappears at x. The secondary subclavian is a character shared by birds and crocodiles. 
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PHYLOGENY AND HEART DEVELOPMENT 


Several authors, but notably Spitzer, have drawn attention to the fact that many anomalies of 
the heart and arterial arches in man are highly reminiscent of the definitive arrangement of the heart 
and great vessels in the adults of various reptiles and amphibians. Such conditions, it has been 
suggested, represent the anatomical arrangement that obtained in vertebrates ancestral to mammals, 
which by a process of arrest of development is retained as the final state. 

It seems necessary therefore to draw attention to the present position of the recapitulation theory. 
This theory has been critically restated in recent years by Garstang (1921) and by de Beer (1951). 
The older idea of this theory was often summarized in the phrase “ontogeny repeats phylogeny” or, 
to put it more crudely, that an animal climbed up its genealogical tree. It is now realized that ani- 
mals do not evolve merely by prolonging their development and adding new characters at the end of 
their developmental stages, but by a gradual modification of the whole course of development so that 
the end result is not precisely the same as the animals’ more remote ancestors. To put this another 
way, just as the final form of an animal undergoes evolutionary change, so its developmental stages 
undergo evolutionary change: thus the developmental stages of the animal are not to be looked upon 
as anything more than a vague reminiscence of the embryological stages of its ancestors. It is now 
generally supposed that such likenesses, as, for example, that shown between the existence of a double 
aortic arch in man and the similar condition displayed in the frog, are to be explained by the well 
known fact that, during the development of all vertebrates, six pairs of aortic arches normally appear 
and that in some vertebrates certain of the arches disappear and in other vertebrates other arches 
disappear. Where arches that normally disappear persist, the fact that they may then resemble those 
of another group of vertebrates, in which such arches are normally kept, gives rise to a resemblance 
that is only remotely the result of phylogeny. Thus a man with a double aortic arch has this because 
development proceeded incorrectly and not because some very remote ancestors of man were 
**amphibians.” 

The time factor is also of importance. It must be remembered that, since the amphibians gave 
rise to early reptiles some 250 million years ago, the amphibians have themselves undergone extensive 
evolutionary change, and the structure of these amphibians was not always the same as that of 
amphibians of today. In the skeletal elements where those of living and extinct forms may be 
compared, many remarkable differences are demonstrable. 

Another matter of phylogenetic importance is that, although both birds and mammals have four- 
chambered hearts, it is now realized that this similarity has been brought about by the evolutionary 
development of hearts with the left and right side perfectly separated on two distinct occasions in 
vertebrate history. This is not the place to survey the evidence on which this statement is based; 
the idea is primarily due to Goodrich (1916). The evidence for this view which has been summarized 
elsewhere (Foxon, 1955) has to do with (1) the incipient division of the ventricle in living reptiles 
and the relations of these divisions with the two systemic arches, (2) the relations of the carotid 
arteries with the systemic vessels, and (3) differences in the mode of embryological development of 
the ventricular septum in reptiles, birds, and mammals. Consideration of these points has led to the 
belief that after vertebrates had emerged as land-living animals in late Devonian times it was not 
long, at least on the geological time-scale, before in the Carboniferous times reptiles arose and divided 
into two groups. Fossil reptiles can be assigned to one or other group by skeletal characters. It is 
thought that in one group evolution proceeded so that the oxygenated blood from the left side of the 
ventricle was delivered into the left systemic arch and that with this arch the carotid vessels became associ- 
ated. This group of reptiles gave riseto the mammals but left no other descendents. Inthe other group 
of reptiles (Fig.1C) the blood from the left side of the heart was delivered mainly into the right systemic 
arch with which the carotid arteries became associated; and the left systemic arch carried more 
venous blood. This type of circulation persists in the reptiles that exist in the world today and also 
in the birds, where, however, the left systemic arch does not persist beyond the embryonic 
stage. 
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From the foregoing remarks it will be seen that, although phylogenetically there is a wide gulf 
between the mammalian heart and the avian heart, there are many principles of heart development 
that apply to the hearts of all vertebrates, and it would seem reasonable to use evidence obtained by 
the study of the avian heart in arguments concerning the mammalian heart, so long as they deal with 
the general principles of development and not with those details that must belong either to the one 
line of evolution or to the other. 


ORGANIZATION OF HEART DEVELOPMENT 


The heart rudiment is formed from mesoderm that is quite early determined as potential heart 
tissue, and the location and extent of this tissue has been mapped for the chick by Rudnick (1944). 
The fact that two laterally situated rudiments take part in this formation, forming two endothelial 
tubes, is liable to be misunderstood in the case of the higher vertebrates. These two tubes have 
nothing to do with the division of the heart into left and right sides in mammals and birds; it is true 
that it is possible in certain cases to follow the contribution made by each of these rudiments to the 
definitive heart, as has been done by Pernkopf and Wirtinger (1933), but in amphibians, where the 
heart is similarly formed from two rudiments, it is known that the rudiment of each side, if it fails to 
join with its fellow, is capable of forming a complete heart rudiment itself, or, if the joint rudiment is 
divided longitudinally into three, three hearts will begin to form. The ability to form a complete 
heart, however, is not equally present in both sides of the combined rudiment but seems to pre- 
dominate on the left. Conversely, if, at the neurular stage of development of the embryo, two 
heart rudiments are grafted together, they can regulate to form one normal heart provided that the 
antero-posterior axes are similarly orientated (for references to this work see summary in Huxley 
and de Beer, 1934). These facts are of course well known, but more recently Fales (1946), in studying 
the heart of Amblystoma punctatum, has drawn attention to the fact that hearts formed from right rudi- 
ments usually show reversed symmetry, being mirror images of left hearts, although this is not absolute 
for all amphibian hearts, as Ekman (1925) had found in Bombinator. Fales found that, while hearts 
from the left and right rudiments were apparently capable of developing in an essentially normal 
manner, they did not necessarily do so, and this was apparently caused by the pressure of the sur- 
rounding structures; she suggested that the reversal of symmetry exhibited by right hearts was 
caused by pressure, for, if the prospective left heart tissue was removed, the right tissue produced a 
normal heart. It would seem most likely, however, that the initial asymmetry exhibited by all 
vertebrates, shown not only by the heart but by the asymmetrical development of the alimentary 
canal as well, is of genetic origin. Huxley and de Beer say that this asymmetry factor is situated in 
the gut roof for, if a portion of the gut roof in the region of the presumptive heart tissue is reversed 
through 180° when the developing embryo is at the open neural groove stage, reversal of the sym- 
metry of the heart is brought about. 

The suggestion of Fales (1946) on the influence of pressure of surrounding tissues mentioned 
above draws attention to the mechanical influence of such surrounding tissue. By many authors this 
has been considered to play an all important part in heart development. 


MECHANICAL FACTORS IN HEART DEVELOPMENT 


Mechanical factors must be distinguished, if it is possible, from external environmental factors. 
In the normal development of an animal, as has been mentioned, all parts of the organism exert 
influences on neighbouring parts. At first such influences are largely to be described in terms of the 
working out of the gene complex by chemical means under such headings as differentiation and in- 
duction, but later organs exert simpler forces on each other, such as mechanical processes, and seem 
to push and pull on each other and, as already mentioned, the blood flow itself exerts such pressures. 
In normal development such pressures must be regarded as normal and are the result of growth and 
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differentiation that have gone on previously. In other words, the mechanical factors are in their 
turn a working out of the hereditary factors of the developing embryo. 

If it can be shown that the mechanical factors become abnormal in some respect, it becomes 
necessary to enquire whether their abnormality is to be ascribed to abnormal genetic effects at an 
earlier stage or to some unusual factor in the environment of the embryo itself which can be described 
as an external environment cause. 

Some authors have attributed a large amount of the asymmetrical twisting and bending seen in 
the early stages of heart development to the presence within the heart of moving streams of blood. 
Spitzer placed great emphasis on blood flow as a factor in heart development. Bremer too (1928, 
1932), has devoted much time to the elucidation of the influence of the blood passing through the 
heart on heart formation. Some ideas have been admittedly rather crude and liken the streams of 
blood flowing through the heart to the erosive forces of currents of water flowing in a river, whereby, 
if blood flows strongly it obtains a free passage, and where its movement is sluggish endothelial 
proliferations may form obstructions, which in the higher vertebrates take the form of the heart 
septa. Although these streams of blood are clearly demonstrable, as has been shown by Bremer 
and also by Goerttler (1955), heart development, as the development of all other organs, must 
be a mixture of hereditary factors and the factors imposed in the immediate environment, of which 
of course, the blood stream is one. 

Turning to consider the effect of blood on the development of the heart in more detail, it should 
be noted that Fales, working on Amblystoma, concluded that there was no evidence to indicate that 
the external shape of the heart depended on the presence of flowing blood. Hearts in which very 
little blood flow was taking place nevertheless had a normal shape, but Fales concluded that flowing 
blood was necessary for the hollowing out effect, for hearts without blood frequently had thicker walls, 
particularly in the ventricle, and the conus might be partially solid or only have a very narrow cavity. 
Bremer, working with chick embryos, found that from an early stage there were two streams of 
blood entering the heart from the vitelline veins which coursed around each other in spiral fashion. 
In the ventricle and conus regions, the region of stiller blood between the two streams was shown to 
be the line of future ventricular and bulbar septa; the interatrial septum, however, developed across 
one of the streams of blood in the atrium. Later one stream was taken over by the pulmonary return 
and the other by the venous return. This would show that the interatrial septum at any rate develops 
without the stimulus of blood flowing along its two sides. Simons (1957) has shown that in frog 
tadpoles, in which the removal of the lung rudiments had ensured that there was no pulmonary circula- 
tion, the atrial septum developed normally, although it did not separate two streams of blood. The 
actual size, however, of the left division of the atrium was much reduced and therefore the normal 
flow of blood is necessary for this cavity to attain its normal proportions but not for the actual 
development of the septum. 

The experiments just quoted seem to show that in the atrial region of the heart at least there is a 
considerable genetic factor at work irrespective of mechanical factors: that is, in animals in which an 
interatrial septum normally develops, it will develop whether the blood flow is normal or not. This, it 
would seem, is an argument for the view that each particular species of vertebrate will possess 
hereditary factors that, during morphogenesis, will guide the development of the heart and 
arterial system so as to produce ultimately a pattern of heart and arterial structure characteristic of 
the species. 

Rather cruder mechanical reasons have, however, been suggested by some authors. For example 
Bremer endeavoured to show that the left systemic arch of the chick underwent regression because, 
when the heart reached that stage of development in which it moves back into the thoracic region, 
the heart also became twisted in relation to the origin of the two systemic arches hitherto symmetrical. 
This twisting, or rather untwisting, of the original heart flexure, as Bremer claimed it to be, had the 
result that the orifice of the right systemic artery was brought into the position of receiving the bulk 
of blood flowing through the arterial division of the bulbus, whereas the left systemic received only a 
slight flow. According to Bremer, when the left vessel only received a slight flow, changes took 
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place, such as proliferation of the endothelium, that had as their result the complete occlusion of this 
vessel. Stephan (1952), who has made a study of the fate of the arterial arches in the chick, indeed 
found that the normal method of closure was for endothelial proliferation to take place and for a 
gradual slowing up of the blood stream and its final cessation. Such evidence in conjunction with 
that of Fales already quoted, who found that in amphibian hearts which gradually ceased to beat 
similar proliferation took place with cessation of circulation, thus suggests that mechanical factors 
play a large part in these processes. However, it seems a large step from saying (1) that in the dis- 
appearance of the left systemic arch of the chick certain phenomena of mechanics and growth are 
seen which bring about the end result, to saying (2) that the end result is brought about by a number 
of mechanical processes following each other automatically and that genetic control, itself, ceases 
when the asymmetry factor ceases to operate. 

Further correlation between genetic and mechanical factors can be seen in the differentiation of the 
other parts of the heart and the arterial vessels. As has been explained before, all the vertebrate 
blood systems can be related to a hypothetical scheme, presumably present in some remote ancestor, 
in which there were six pairs of arterial arches present anterior to the heart, and the fifth pair appears 
very rarely and then only fleetingly in the higher vertebrates (notatallintherat). It might be assumed 
that, if its disappearance is a matter of mechanics and not genetics, this fifth pair or one of the pair 
could perhaps be encouraged to develop or persist in embryos in which the other vessels of one side 
were occluded, thus forcing more blood through the rudiment of the fifth arch. Such experiments 
have in fact been made by Stephan (1952). 

Stephan, working on chick embryos of four days’ incubation, devised a method whereby he could 
ligature one or more of the arterial arches. These chicks continued with their development until a 
late stage and some even hatched. By this means he produced a wide variety of arterial arch patterns, 
the most bizarre arrangements being sometimes produced, e.g. Fig.2,C and D. Except ina few rare 
instances where peculiar anastomoses took place, these patterns could be explained by the persistence 
of parts of the third, fourth, and sixth pairs of arches, together with the lateral dorsal aorta. He did 
not succeed in forcing parts of the first, second, or fifth arches to remain. It seems, therefore, that 
the disappearance of the first, second, and fifth arches is not entirely a matter of simple mechanics 
but that some genetic factor is involved. On the other hand, the lateral dorsal aorta of both sides 
readily persisted as a mechanical necessity (Fig. 2,C and D). 

In instances in which both sixth arches were suppressed, the pulmonary arteries obtained a modi- 
fied form of blood supply, but of course the obliteration of the pulmonary trunk means that, if the 
ventricle were to be completely divided, the right side would have no outlet. Stephan indeed found 
that gross abnormalities of the arterial arch patter’ such as those just quoted, had an influence on 
the completion of the ventricular septum and, in fact, the septum remained incomplete in those 
instances where its completion would have made the circulation impossible. These experiments 
may therefore throw some light on interventricular septal defects. 

Finally, in this section on mechanical factors, attention must be directed to the work of Shaner 
(1949) on pig embryos. He thought that some defect at an early stage in the atrio-ventricular canal 
deflected the blood streams in an abnormal way as they passed through into the ventricular cavity. 
This abnormal development of endothelial cushions in the A-V canal reduced blood flow on one or 
other side of the developing bulbus. This usually resulted in pulmonary stenosis, the aortic root 
being not so likely to be affected. There is no suggestion, however, as to what caused the primary 
disturbance of the cushions in the A-V canal, but it does emphasize the importance of an abnormality 
in one part of the heart affecting another region at a later stage. 


THE EXTERNAL ENVIRONMENT OF THE EMBRYO 


In the preceding section of this paper attention has been drawn to the fact that certain experi- 
mental interference with the embryo will upset the normal course of development of the heart and 
arterial system. Experimental modification of the blood flow shows how such abnormal blood flow 
can influence the further development of the heart and vessels. What has not been discussed is how 
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FiG. 2.—Diagrams of ventral views of experimentally produced abnormalities of the arterial arch pattern. (A) and 
(B) in the rat (modified from Wilson and Warkany) and (C) and (D) in the chick (modified from Stephan). The 
diagrams have been redrawn for comparison with Fig. 1. 

In (A) there is no systemic arch, and the dorsal aorta is supplied by the left carotid arch and right ductus 
arteriosus. In (B) there is no systemic arch and the aorta is supplied by both carotid arches and the lateral dorsal 
aorte. The fifth arch (5) does not appear during development in the rat. In embryo chicks (C) (ligature of third 
and fourth right arches) and (D) (ligature of fourth right arch) the dorsal aorta is supplied through the persistent 
lateral dorsal aorte joined with the carotid arches and the ducti arteriosi. 
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such alterations in blood flow might be established in the first instance by external environmental 
conditions. In this section it will be necessary to consider the influence of X-irradiation of the 
foetus and its nutritional and respiratory requirements. 

(a) X-irradiation. The X-irradiation of the foetus of the albino rat has been the subject of papers 
by Wilson and his fellow workers. A method was devised by which rat foetuses could be irradiated 
without irradiation of the mother. By suitable sub-lethal doses of X-rays it was possible to produce 
considerable malformation without causing the death of the feetus, although some malformations 
produced were incompatible with later feetal life. 

It was found that irradiation of 100 r in a single dose caused considerable slowing of fetal growth 
for the first day after irradiation, some of which was made up on the second and third days, but a 
noticeable retardation of growth was found to persist until term. Irradiation on the ninth day of 
gestation (Wilson et al., 1953) produced some instances of complete situs inversus of the heart and 
viscera and other specimens showed some degree of reversal of normal symmetry. Many of the 
abnormalities produced are stated to be similar to those found by Wilson and Warkany (1949) (see 
below) in instances in which the mother was fed ona vitamin A deficient diet. Heart malformations 
were defects of the septa and also of the endocardial cushions. Irradiation on the tenth day of 
gestation (Wilson and Karr, 1951) did not have at all the same striking effects on the heart, but mal- 
formations of the aortic arches were produced in that they exhibited some degree of right-sided 
dominance instead of the left-sided dominance of mammals. 

In an analysis of these results, Wilson ef al. (1953a) suggested that X-rays might bring about their 
effects in three ways. Firstly they might cause their effects by killing certain cells, secondly by caus- 
ing an arrest of mitotic activity, or thirdly by bringing about some subtle genetic changes in the 
dividing cells. 

The difference in degree of susceptibility of the tissues to radiation on the ninth and tenth days is 
striking. The heart primordia of the rat are first recognizable as paired structures on the tenth day 
of gestation and by the eleventh day the heart has taken on its typical flexure. Yet, as late as the 
ninth day it is possible to bring about complete situs inversus. However, by the tenth day a far more 
stable state has beenreached. It seems difficult to believe that, as late as the ninth day, the asymmetry 
of the foetus has not been determined. The authors can offer no further explanation of this difficulty. 

(b) Nutrition. Wilson and Warkany (1949) produced abnormalities in the arterial system of 
developing rats by feeding the mothers on a diet very deficient in vitamin A. This materially 
affected growth. Nevertheless by this means abnormal arterial arch patterns, some very like those 
produced mechanically by Stephan in chicks, were produced in the embryo rats (Fig. 2, Aand B). In 
the developing rat the stage at which the fourth pair of arterial arches is becoming increasingly 
important and the first two pairs of arches are disappearing is approximately at the eleventh day of 
gestation in a total period of twenty-two days. This corresponds to the stage of development of the 
arches seen in a four-day chick where the period of development is twenty-one days, vascular 
development of the chick being very precocious. Wilson and Warkany could not influence the 
appearance of the third arch and the disappearance of the first two pairs of arches; they accounted 
for this by suggesting that the vitamin A lack only begins to have effect at the eleventh day. The 
effect of vitamin A lack on the development of the fourth and sixth pairs of arches may be very 
dramatic, producing very gross anomalies if they do not form properly. The absence of these 
vessels throws considerable light on the plasticity of the lateral dorsal aorte for, without going into 
detail, it may be noted that, if the right lateral dorsal aorta is necessary to keep the circulation going, 
it will persist. Arch development may also influence septal development, for if the development of 
the sixth pair of arches is so much interfered with that there is no outlet from the right ventricle, then, 
as in the chick, the interventricular septum is not completely formed. 

Wilson et al. (19535) followed up those experiments with others in which mother rats were kept on 
vitamin A deficient diets but massive doses of vitamin A were administered at different stages of 
pregnancy. So far as arterial arch pattern was concerned, without vitamin A supplement, anomalies 
occurred in nine per cent of the offspring; administration of large doses prior to the twelfth day of 
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gestation prevented all aortic arch anomalies. The arches begin to assume their definitive pattern on 
the fifteenth day. 

So far as the heart was concerned, the anomalies were not entirely prevented by dosing the mother as 
early as the tenthday. The two most frequently occurring cardiac anomalies were defect of the inter- 
ventricular septum and defect of the bulbus region. Ifthe mother was dosed on the tenth, eleventh, or 
twelfth day, bulbar defects were prevented but interventricular septal defects were not, although they 
occurred less frequently. The authors’ remark, “‘This observation may throw some light on the 
relationships between the two defects. They occur conjointly with sufficient frequency, both in 
experimental studies of this sort and in human teratology, to suggest a causal inter-relationship, but 
it does indicate that the two defects are determined at different times in development.” 

It is worth noticing, however, that vitamin A deficiency may affect the actual growth of the ven- 
tricular septum itself, and ventricular septal defect may thus be produced, not by incomplete fusion 
of the septal elements but as a result of having so small a septum in the ventricle that it is not large 
enough to be completed even if the arrangement of the arches and bulbar septum would permit of 
such completion. 

(c) Supply of Gases to the Embryo. It has often been suggested (e.g. Haring, 1956) that congenital 
cardiac abnormality can be explained either by failure or arrest of growth, in which case feetal 
communications remain in the fully formed heart, or by overgrowth by which the normal pathways 
of the blood streams through and out of the heart tend to become blocked. The idea that such 
changes in normal development can be brought about by changes in oxygen supply to the tissues has 
been the subject of experimental work on rats by Haring and Polli (1957). At a suitable stage in 
gestation the maternal rats were submitted to air with increased carbon dioxide content combined 
with normal or decreased oxygen tension. In as much as the carbon dioxide present in the blood of 
the mother will make the tissues more acid than usual, this procedure should result in the release to 
the tissues of more oxygen than is normal. Thus the foetuses in maternal rats exposed to this 
increased carbon dioxide content should be hyperoxygenated. Whether this indeed happened is not 
known, but in the experimental animals hypertrophy of the cardiac muscle was found. This was 
shown both by the thickening of individual muscle fibres and by the changes in muscle morphology. 
In some instances overgrowth of the walls of the vessels leaving the heart was also produced. From 
the illustrations given in the paper referred to it would seem that the experimental evidence of over- 
growth, presumably caused by increased oxygen supply to the tissues, is well founded. 

The authors go on to deduce that failure of septation may be explained by periods of arrest of 
growth owing to failure of oxygen supply, and that combined defects might be caused by alternate 
periods of arrest and overgrowth caused in turn by variations in oxygen supply to the feetal tissues. 


GENETIC FACTORS IN HEART AND ARTERIAL ARCH DEVELOPMENT 


Evidence of inheritance of congenital heart disease in man has been sought by many authors. 
Cockayne (1938) has shown that transposition of the viscera can be explained as being the mani- 
festation of an autosomal recessive gene. This gene is somewhat lethal in nature and heart disease 
is abnormally high in instances of complete transposition of the viscera. The gene does not always 
produce its full effect and all kinds of gradations from fully normal to highly abnormal conditions 
of the heart are met with, with more or less complete transposition of the viscera. The most fre- 
quent anomaly likely to occur with transposition is Fallot’s tetralogy often with some additional 
anomalies but almost all the known cardiac malformations occur in smaller numbers. 

Evidence that heart abnormalities frequently occur in association with arachnodactyly, an abnor- 
mality showing dominant autosomal inheritance, has been given by Reynolds (1950). Further 
evidence of inherited heart disease has been given by McKeown et al. (1953) and by Polani and 
Campbell (1955). 

There is very little known about the inheritance of arch pattern in animals, but the work of Froud 
(1954) on the fate of the left systemic arch in chicks must be mentioned. In examining chicks that 
had failed to hatch, he found that 8-8 per cent of such chicks showed persistence of the left systemic 
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arch. In day-old chicks he found 7-7 per cent with some trace of the left systemic arch, so that 
failure of the left systemic arch to close was probably not the cause of death. He was working with 
fowls of known parentage and concluded that persistence of the left systemic arch was more frequent 
in the Light Sussex breed of fowl than in the Rhode Island Red. 

In Rhode Island Reds he found that the frequency of the anomaly varied in the progeny of 
individual cocks and hens, and it seems fairly conclusive that for the persistence of the left systemic 
arch in fowls there is some genetic basis. How the genes bring about the effects just mentioned is 
quite unknown. If the views of Bremer (1932) as to the importance of the blood streams in keeping 
open the lumina of the vessels are correct, a possible mechanism is that in those chicks in which both 
arches persist the growth movements at the preceding stage must be slightly varied so that blood is 
directed equally into both systemic arches as it leaves the ventricle, whereas normally the blood 
flowing from the heart is directed into the right systemic arch. 

Alternatively, it is possible to imagine that genetic factors influencing the wall of the left systemic 
arch are normally at work and bring about theclosure. In this connection it may be recalled that in 
mammals the ductus arteriosus closes in two stages: first the sudden cessation of the blood flow 
brought about by the occlusion of the lumen by the contraction of the walls, and then considerably 
later the final filling of the channel by endothelial proliferation. For this mechanism to act, genetic 
factors have prepared the wall of the ductus; it may be that in some analogous manner the wall of 
the left systemic arch in chicks is normally prepared to close at the appropriate time. 


DISCUSSION 


The initial asymmetry of the heart seems to be under genetic control. As development proceeds, 
it is possible to see how environmental factors, both outside the heart and inside it, come to play a 
larger part in the details of heart development. Views vary as to how far genetic control of develop- 
ment is continued. In the extreme mechanical view genetic control does not seem to be envisaged 
after the blood stream has started to move, as, from that time onwards, according to this school of 
thought, all development follows quite mechanically. The partitioning of the chambers of the heart 
would seem to be due, basically, to endocardial proliferation, and the closing of arterial vessels such as 
then became distinct is associated with endothelial growth and with ultimate occlusion, as has been 
shown by Stephan (1952). 

The factors we are seeking are those concerning the differential growth of the lining of the heart 
and the arteries. The mechanical view would appear to be that in the absence of blood flow 
endothelial proliferation will take place. The force of the blood stream is therefore the all important 
factor: from the moment that the blood starts to flow it plays a major part in determining the forma- 
tion of the heart and its chambers, and the position of the heart and its blood streams in turn 
determine the development of the great arteries. 

The alternative view is one that envisages a prolongation of the time of gene action. For the 
correct development of any organism or organ it is necessary that the environment, both external 
and internal, be normal. On this view, the blood flowing through the heart is such a part of the 
environment, but it is to be looked upon as a part of the environment of the developing heart and 
not a proven chief determinant. Again on this view, when one of the arterial arches closes, the 
phenomenon of closure is associated with slowing of blood flow and endothelial proliferation but it 
does not make either responsible for the other. Inthe development of the septa this view envis- 
ages that proliferation may take place by the operation of a genetic stimulus and so accounts for 
those instances in which septa grow in the path of blood streams. That mechanical factors, particu- 
larly the flow of blood, do have a large part to play in the development of the heart can be seen in 
some instances when vessels, which might otherwise disappear, are kept open; also when the failure 
of the interventricular septum to be completed can be ascribed to such mechanical forces. 

The development of the interventricular septum may be considered to see how the various factors 
that have been enumerated may be involved, either separately or together. In order that the 
septum shall be completed, the atrium, ventricle, and bulbus must come to lie in the proper relation- 
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ship to each other. As Keith (1948) pointed out, the initial twisting of the heart leaves the bulbus 
too far to the right and in the mammal this extreme position is remedied during later development by 
changes of proportion of various parts, which Kramer (1942) attributes to differential growth. 
Foxon (1955) has pointed out that the methods by which this reorientation comes about do not seem 
to be the same in birds and mammals. However, if this reorientation does not come about correctly, 
defects of the heart at the level of the bulbus will be produced, such as overriding aorta and pulmonary 
stenosis. On the face of it, it would seem that such failure of realignment could be brought about 
either by incorrect action of asymmetrical growth factors, which would give the condition a genetic 
origin, or by incorrect growth of an environmental nature such as might be produced by vitamin A 
deficiency or by hyper-oxygenation of the tissues. 

These factors may well be termed growth factors and may, for convenience, be divided into (a) 
incorrect growth, either hypertrophy or gross under-development, or (4) incorrect positioning of 
related elements. In addition it has to be realized that, even if the growth and position of the various 
septal elements are correct, then ultimate fusion may be prevented by mechanical effects of flow, such 
as are found when the blood from the right ventricle cannot pass out through the pulmonary artery 
which may be missing or very narrow. Thus defects in the ventricle may be secondary to those in 
the arterial arches. This may be of importance since there is at least some evidence of genetic 
occurrence of arterial arch irregularities. 

It is not easy to seperate genetic and other factors, for growth is affected by hereditary and by 
environmental factors. Growth of the septa and also the relative growth of the various chambers 
of the heart may be considered. In the case of the vitamin A deficient rats it would seem that the 
factors involved are entirely of an external environmental nature, but it is not so easy to maintain 
that there is no genetic element when some form of differential growth is necessary to realign the 
chambers of the heart. The internal partitioning of the heart shows a large degree of conformity 
with flow through it, but here again the interatrial septum seems to appear irrespective of the normal 
conditions of blood flow and this would indicate that in its formation a powerful genetic factor is at 
work. The appearance of the partitions in the heart influences blood flow, even if they are not 
affected by it, and therefore any irregularity in the internal configuration of the heart may have some 
effect on flow, as Shaner (1949) found in the hearts of pigembryos. It is known that such projections 
may result from endothelial proliferation and that this may be a result in turn of some infectious 
agent. For example, one of the effects of virus infection with rubella is endothelial proliferation, 
and it is possible that this disease may bring about some of its effects by such proliferation either in 
the heart itself or in the arterial vessels which in turn might have some effect upon the structure of the 
heart. This may be an example of the normal developmental process being upset by a non-genetic 
external factor. 

We are thus brought up against the main difficulty in assigning a cause to even one form of 
congenital heart malformation, such as an incomplete ventricular septum. It may be due to a genetic 
factor, as shown by Cockayne (1938), or it may be caused by the lack of some external factor such as 
sufficient vitamin A in the maternal diet. The problem that now poses itself is, is it possible to 
distinguish between incompleted interventricular septa of different etiology? In as much as the 
physiological results of the incomplete septum will be the same, a physiological classification of 
congenital heart disease will be of little help; but a more detailed anatomical consideration might 
assist. For example, a grossly under-developed interventricular septum might be caused by nutri- 
tional deficiency, but a reasonably well developed septum, though incorrectly aligned and so incom- 
plete, might be due to a genetic factor. If these were to be associated with other abnormalities, it 
might be possible to proceed further. If, for example, the grossly deficient interventricular septum 
were to be associated with similar failure of the bulbar septa to develop to their normal size, the 
nutritional basis for the anomaly might be established. If, however, the bulbar septa were present, 
but divided that structure incorrectly, and were to be associated with an incorrectly placed inter- 
ventricular septum, a genetic cause could be postulated. This is all highly speculative, but from the 
evidence that has been brought forward in this article it would seem reasonable to suppose that there 
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is more than one cause of congenital heart disease, and even of one apparently similar condition such 
as Fallot’s tetralogy, if that term is used when an incomplete interventricular septum is found with 
pulmonary stenosis. 

If the possibility of more than one cause of such conditions is admitted, it becomes easier to 
understand the finding of Cockayne (1938) that transposition of the viscera, genetically determined, 
is frequently accompanied by Fallot’s tetralogy, when compared with the finding of Polani and 
Campbell (1955), who, while showing that there is a genetic basis for this abnormality, also found 
that there is more chance of a child being born with Fallot’s tetralogy if the age of the mother is 
forty or more. For it is well known that in modern western society, women of this age tend 
to restrict their diet, often to a marked degree, and it is conceivable—I put it no more strongly 
than this—that some of the cardiac malformations met with in children of older mothers could be 
accounted for on a nutritional basis. 

Finally, although it is now possible at least to guess at some of the causes of defects of the inter- 
ventricular septum, of defects of the bulbar region, of abnormalities of the arterial vessels, and of 
certain of these defects combined, we are as yet without any clear indication of what it is that pro- 
duces gross defects in the interatrial septum, and there is no doubt from an experimental point of 
view that this part of the heart requires considerable further study. 


SUMMARY 


The embryological development of the heart and arterial arches in the vertebrates is discussed 
and the relationship between development and phylogeny considered. 

The earliest phases of heart development are under genetic control but mechanical factors, 
particularly the force of the moving blood stream, appear to influence the chain of development 
materially. 

A moving blood stream is necessary for the full development of the heart rudiment, but in amphi- 
bians, in some instances, the heart has been found to take on its normal shape without the need of 
blood flow. Blood flow does not seem to be a necessary stimulus for the appearance of heart septa, 
but probably the septa are not normally formed unless there is normal blood flow. Ideas vary as to 
how much of the heart development is governed by genetic factors and how much by mechanical 
ones. 

Evidence obtained by Stephan working on chick embryos and by Wilson and co-workers on rat 
foetuses suggests that in both animals genetic factors are involved in determining the disappearance 
of vessels concerned in the circulation of the early embryo: this applies particularly to the arterial 
arches. Other parts of the arterial arch system, such as the lateral dorsal aorte seem much more 
labile and their closure is prevented by the continual passage of blood through them. 

The effect of external influences such as X-rays and vitamin supply is considered. X-rays applied 
at a critical time have an effect on the symmetry of both heart and arterial vessels. This effect is 
presumably on the system that normally expresses the particular form of symmetry inherited by the 
individual. The effect of vitamin A deficiency in the feetal rat is on growth. The abnormalities of 
the heart and arterial arches met with can be explained as variation in normal growth and not in 
terms of reversal of symmetry. 

The growth of various parts of the heart has been shown to be affected by the supply of gas to 
the embryo. 

Several authors have shown genetic factors to be active in heart disease in man. Little is known 
of the subject in animals but evidence of the inheritance of persistant left systemic arch in domestic 
poultry has been found. 

The likelihood of human congenital heart disease being of hereditary or environmental origin is 
discussed and it is shown that ventricular septal defects could be due to either cause. It is suggested 
that even a more complex condition, such as when an incomplete ventricular septum occurs with 
pulmonary stenosis, might sometimes be genetic and sometimes non-genetic in origin. 
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There have been many reports of the same or similar congenital malformations of the heart in 
two sibs or in a child and parent. Abbott (1927) found 11 such pairs and Brown (1939) who had 
seen six pairs thought they were most common in members of the same generation. Medvei and 
Roésler (1932) collected 37 families with such pairs and Gansslen et a/. (1940) 68 families: the diag- 
noses made at that time can not now be accepted as certain without necropsy proof and this was 
available only in a minority. Campbell (1949) reported four pairs and mentioned some others more 
briefly. Since then several have been reported and a great many have been seen. 

However, few large series have been reported, so our 40 families seem worth recording. Of 
these pairs, 26 were sibs, 9 were parent and child, and 6 were less close relatives, one family (F26) 
being included in both the first groups, as a woman and her son were certainly affected and probably 
her brother and her father. There were six other families with more than two members affected— 
three sibs in four (F3, 6, 11, and 35), an uncle as well as two sibs in one (F8), and a grandmother as 
well as a mother and daughter in one (F34). There was less decisive evidence of a third member 
being affected in two others (F26 and 29). Generally the malformations found were the same or 
similar in both members of the pair (concordant) but sometimes they were quite different (dis- 
cordant). 

It is important for a clinician to emphasize that it is not very common for two children with 
congenital heart disease to be born in one family. The parents of a child with a congenital mal- 
formation should not be deterred from having another child by the fear that it will be abnormal for 
this is not very likely. It is certainly more likely than would be expected by chance, but these 40 
exceptions have been found among about 2000 families with a case of congenital heart disease—an 
incidence of 2 per cent. 

Polani and Campbell (1955) made a statistical enquiry into the families of 396 patients, mostly 
with Fallot’s tetralogy, and found the incidence of congenital heart disease among the sibs born 
after the propositus was between seven and twenty times as large as would be expected by chance— 
twenty times as large, 2 per 100 instead of 1 per 1000, taking the number who were alive at the age 
of ten years, or seven times as large taking the figure that includes all children born alive with con- 
genital heart disease. 


In eight of their patients where a sib also had congenital heart disease, six had Fallot’s tetralogy, the 
seventh was thought to have pulmonary atresia, and the eighth had arachnodactyly. Three of the sibs died 
in the first few months of life, so all we know is that they were cyanotic and were said to have congenital 
heart disease, but we have fuller details about the other five—Cases 0185, P021, P028, CB11, and P215 of 
their Table 12—and these are included as Families 1, 6, 11, 19, and 22. 

Polani and Campbell reported 25 other examples of congenital heart disease among parents or relatives 
but could draw less valid conclusions about the incidence, as the number of relatives at risk was not known. 
We have little to add about these 25 secondary cases because few of them were examined by us and generally 
all we knew is that they were said to have had congenital heart disease and often died within a few days or 
months. Even in others where we have obtained information from the doctor it was not often possible to 
make a diagnosis. For example, an uncle of a girl with Fallot’s tetralogy, who had a systolic murmur and 
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moderate disability from infancy and a large heart, died with congestive heart failure when he was 20, but 
there was no necropsy. In another, the first cousin of a young man with coarctation of the aorta had a 
systolic murmur from birth and died from hemorrhage when 25, but this turned out to be uterine, not cerebral 
hemorrhage. 

In 3 of the 25 pairs, however, we have fuller details, and Cases P107, 0015, and 0255 of their Table 20 
are included as Families 5, 15, and 20. The fact that only three are included in this paper shows that our 
numbers could be larger, but it seemed more useful to confine it in the main to pairs where we know the 
nature of the heart disease in both of the pair, though not always as fully as we would wish. 


It has not been easy to decide how to present these families. Most of the cyanotic cases were 
included in the first four groups. In Families 1-8 both members of the pair were cyanotic. In 
Families 10-19 one was cyanotic and one was acyanotic, but the discordance was not complete 
for often both the pair had pulmonary stenosis, the cyanotic one having a ventricular septal defect 
and the acyanotic one being without this. In the larger half both members of the pair were 
acyanotic (F 9 and F 20-40). The only exceptions here were some patients with pulmonary 
stenosis who had been acyanotic but had become cyanotic from a right-to-left shunt through an 
unsealed foramen ovale. Whether they are acyanotic or cyanotic depends on the stage at which 
they are seen, and Campbell (1954) has suggested that for most purposes these two forms should 
be considered together because of their close similarities. They were classified as follows. 


Group I. (Families 1-5). Both members of the pair cyanotic. 

Group II. (F 6-10). One or both members of the pair with situs inversus. These have 
been grouped together because of what is known about its inheritance. In some it was the sole 
abnormality, but most others had cyanotic heart disease, and Families 6-8 might have been included 
in the first group. 

Group III. (F 11-15). Pairs where one member had Fallot’s tetralogy and the other had one 
of its main components, pulmonary stenosis or a ventricular septal defect or both. 

Group IV. (F 16-19). The members of the pair discordant with different types of heart 
disease, one being cyanotic and one acyanotic. 

Group V. (F 20-21). The members of the pair discordant, but both acyanotic. 

Group VI. (F 22-40). Both members of the pair acyanotic and concordant, with lesions that 
were proved or seemed to be the same or very similar. This is much the largest group. 


Case NOTES 


For those who do not like reading case notes, Families 1, 5, 6, 8, 11, 17, 23, 26, 30, 33, and 40 
will give a good general picture. In the notes that follow, the first member mentioned is the one 
who brought the family under observation. 

PNR indicates that special enquiries had been made and that, as far as they knew, the Parents 
were Not Related. Generally this included an answer that the respective grandparents were not 
related. 

NORCD indicates that special enquiries revealed No Other Relations with Congenital Disease, 
either of the heart or elsewhere, apart from those mentioned. 

* denotes that the diagnosis was firmly established, often with necropsy or operation, in at least 
one member of the pair. 

** denotes that this was so for two members of the pair. 


I. BotH MEMBERS OF THE PAIR CYANOTIC (5 FAMILIES) 


*Family 1. PNR. NORCD. Two brothers with Fallot’s Tetralogy. The younger had classical Fallot’s 
tetralogy: He had never worked and could not walk 400 yards. When 19, he had infundibular 
resection and 8 years later is in excellent health. His elder brother died at the age of 9 and was said to have 
been the same in every way, i.e. cyanotic, disabled, and a squatter. They had one sister who was normal. 

*Family 2, PNR. NORCD. Two sisters, one with Fallot’s Tetralogy and one with Morbus Ceruleus. 
The younger sister died when 9 months old with left lateral sinus thrombosis following bilateral otitis media: 
necropsy confirmed the diagnosis of Fallot’s tetralogy. The elder sister was cyanotic from birth and died 
when 11 days old with morbus coeruleus. There were no other sibs. 
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*Family 3. PNR. NORCD. Three sibs with Morbus Ceruleus. A girl, aged 4, was thought to have 
Fallot’s tetralogy though there was little cyanosis: three years later she was better and even less cyanosed, 
and a ventricular septal defect seemed more likely. A younger brother had severe cyanosis that had been 
present from birth, and also spina bifida and a club foot: he died when 7 weeks old. A younger sister was 
seen when she was one, with moderate cyanosis, a diminished blood flow to the lungs, and signs suggestive 
of pulmonary atresia rather than uncomplicated Fallot’s tetralogy: she died six months later with a cerebral 
abscess and bronchopneumonia, but there was no necropsy. These were the fourth, sixth, and seventh 
children, the first three and the fifth being normal. 

*Family 4. PNR. NORCD. Woman with Pulmonary Stenosis and a right-to-left inter-atrial shunt, and 
cousin with Morbus Ceruleus. A woman, aged 26, had classical signs of pulmonary stenosis and was well 
till she was 18, after which she became increasingly cyanotic and disabled. Nine years after pulmonary 
valvotomy she is acyanotic and in excellent health. Her paternal cousin had died with congenital heart 
disease when she was 21 and was said to be cyanotic. Our patient had very extensive brown patches without 
leucodermia over her skin and her sister’s child had the same condition. This sister was the only other sib 
in the family. 

** Family 5. PNR. NORCD. Two boys, children of first cousins, both with Fallot’s Tetralogy and both 
dying suddenly. The first, an only son, was cyanosed from birth and squatted. He was thought to have 
Fallot’s tetralogy or pulmonary atresia, as there was triple rhythm and an insignificant systolic murmur, 
but less right ventricular preponderance than usual. Up to the age of six he had several cyanotic attacks 
in which he went unconscious, but none after this till his death. He declined operation, but two years later 
at the age of 19, died absolutely suddenly. 

The second, the middle of three children, his brother and sister being normal, was also cyanotic from 
birth, but squatted less often. When 6, he was thought to have Fallot’s tetralogy with some complication 
as his heart was larger than usual (c.t.r. 60%). Catheterization a year later confirmed a valvular 
stenosis and a right-to-left shunt through an atrial septal defect, probably with a ventricular septal defect as 
well. Unfortunately his heart stopped and in spite of immediate thoracotomy and valvotomy he died. 
Necropsy confirmed that both septal defects were large. The mothers of these two children were first 
cousins. 


Il. ONE MEMBER OF THE PAIR AT LEAST WITH SITUS INVERSUS (5 FAMILIES) 


** Family 6. PNR. NORCD. Two sibs with Morbus Ceruleus and a third with Situs Inversus. A girl, 
aged 8, was severely cyanosed and disabled, and was thought to have pulmonary atresia with a persistent 
ductus or a large bronchial artery to the right lung. After a left subclavian-pulmonary anastomosis, she 
could lead a normal life and has kept well for nine years. Her sister, born two years later in 1941, died within 
an hour of birth. 

Her brother, born in 1943, was cyanotic and died after four months with a ‘‘hole in the heart’. In 
1949 her mother had a miscarriage at four months and in 1954 she gave birth to a daughter with complete 
situs inversus. Her mother looked very healthy but her younger sister was a cretin, now aged 35, and a 
third sib died after a month and was said to have been a blue baby. 

** Family 7. NORCD. Two first cousins with Morbus Ceruleus, one (Parents first cousins) with Situs 
Inversus and the other (PNR) with Inversion of the Abdominal Viscera (fully reported by Campbell and 
MacCarthy, 1957). The first, an only child whose parents were cousins, was moderately disabled when four 
years old: he had situs inversus and investigations suggested a very large ventricular septal defect and 
pulmonary stenosis, with a general picture like Fallot’s tetralogy. The mothers of this boy and of the second 
case were sisters. 

The second, a girl, died when five months old, and necropsy showed transposition of the abdominal 
viscera, transposed atria, a single ventricle, and tricuspid and pulmonary atresia. Her elder sister was 
normal. 

** Family 8. PNR. NORCD._ Boy with Fallot’s Tetralogy and Situs Inversus, sister with Situs Inversus, 
and uncle with Morbus Ceruleus. A boy of 5 had situs inversus and probably Fallot’s tetralogy. His sister 
had situs inversus with a normal heart and there were two other normal sibs. 

His mother’s parents were first cousins, the children of twins, probably identical twins. There were 
congenital abnormalities on the father’s side as well, for the father’s brother was diagnosed as having Fallot’s 
tetralogy at the age of 4 years. When he died at the age of 32, necropsy showed a small left ventricle that 
had no exit except through a high ventricular septal defect, and a large aorta arising from the large right 
ventricle. There was no sign of pulmonary trunk and the lungs were supplied through large bronchial 
arteries. His heart and abdominal viscera were not transposed. 

** Family 9. PNR. NORCD. Boy with Anomalous Pulmonary Venous Drainage and Situs Inversus and 
uncle with Situs Inversus. A man, aged 18, had situs inversus with a left-to-right shunt at atrial level: at 
least two pulmonary veins from the left lung drained into the venous (left) atrium. His mother’s brother 
had situs inversus. The patient’s mother and elder brother and the uncle’s six sibs were all normal. 

*Family 10.PNR. Girl with Pulmonary Atresia and Situs Inversus, and mother’s cousin with Situs Inversus. 
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A girl, aged 3, had situs inversus and was thought to have pulmonary atresia. When 8, she had a subclavian- 
pulmonary anastomosis and was much improved but died two years later with heart failure after subacute 
bacterial endocarditis. Her elder brother had an operation for pyloric stenosis in infancy, and her younger 
brother was normal. Their mother’s cousin had situs inversus. 


III. BoTH THE PAIR WITH PULMONARY STENOSIS, WITH OR WITHOUT A VENTRICULAR SEPTAL 
DeFECT (5 FAMILIES) 


** Family 11. PNR. NORCD. Boy with Fallot’s Tetralogy and brother (and probably sister) with simple 
Pulmonary Stenosis. A boy, aged 7, was an example of severe Fallot’s tetralogy, perhaps with pulmonary 
atresia: he had a larger heart than usual, a hemoglobin of 150 per cent, and right bundle-branch block. 
He lived for another five years—much longer than was expected. 

His brother, who was said to have aortic stenosis, was seen seven years later, when he was 23, and had, in 
fact, severe pulmonary valvular stenosis with a closed ventricular septum, the pressure being 112/14 in the 
right ventricle and 22/5 mm. in the pulmonary trunk. Valvotomy has been advised. It has not been 
possible to examine the sister, but as both were said to have aortic stenosis, one certainly wrongly, it seems 
more likely that she too has pulmonary stenosis. A fourth sib, a girl, is normal. 

** Family 12. PNR. NORCD. Man with Fallot’s Tetralogy and sister with simple Pulmonary Stenosis. 
A man, aged 22, with Fallot’s tetralogy had been breathless and cyanosed since infancy and could rarely 
walk a hundred yards. After infundibular resection he was much improved, and two years later he was 
acyanotic and could walk a mile with comfort. 

His sister, aged 11, was found at school to have a systolic murmur; she was acyanotic and had only slight 
dyspneea playing games. She had pulmonary valvular stenosis with a closed ventricular septum, the pressures 
being 80/0 in the right ventricle and 8/3 mm. Hg in the pulmonary trunk. Operation was not advised and 
at 14 she is still well. These two were the second and seventh of eight sibs, six girls and two boys, all the 
others being normal. 

*Family 13. PNR. NORCD._ Boy with Pulmonary Stenosis and brother probably with Fallot’s Tetralogy. 
A boy, aged 3, had signs of pulmonary valvular stenosis with right ventricular preponderance; three years 
later he was still without symptoms. He had, then, a brother three months old who was cyanotic with a 
loud systolic murmur and was thought to have Fallot’s tetralogy. There are not yet any other sibs. The 
mother’s uncle died when three years old with a congenital spinal defect. 

** Family 14. PNR. Boy with Pulmonary Stenosis and V.S.D.; brother with Fallot’s Tetralogy. A boy, 
aged 8, had never been cyanotic and was found to have a ventricular septal defect with a left-to-right shunt 
of moderate size, slight pulmonary stenosis, and an aneurysmal right pulmonary artery. A younger brother, 
aged 5, who had been cyanotic from birth, was breathless and squatted frequently: he was thought to have 
Fallot’s tetralogy. There was one normal sister. I am indebted to Dr. Paul Wood for asking me to see 
this pair. 

** Family 15. PNR. NORCD._ Boy with Fallot’s Tetralogy and aunt with Ventricular Septal Defect. A 
boy, aged 19, had classical Fallot’s tetralogy and was greatly improved by a subclavian-pulmonary anas- 
tomosis. Two years later he had a successful operation for a left temporal lobe abscess. He worked as an 
engineer and remained well until the tenth year when he died from a second cerebral abscess. He had four 
sibs who were normal. 

His mother’s sister had a ventricular septal defect but was able to do domestic work till she was over 40. 
When 43, the pressure in the two circuits were almost balanced (pulmonary 128/56; systemic 120/65) and 
she had a left-to-right shunt of 3-5 litres and a right-to-left shunt of 0-8 litres a minute. She died two years 
later. 


IV. PAIRS THAT ARE DISCORDANT, ONE MEMBER CYANOTIC AND ONE ACYANOTIC (4 FAMILIES) 


*Family 16. PNR. NORCD. Boy with Aorto-Pulmonary Fistula and brother with Fallot’s Tetralogy. 
A boy, aged 6, had few symptoms but signs suggestive of a persistent ductus, though an aorto-pulmonary 
fistula was thought more likely: his heart was enlarged (c.t.r. 549%) and his blood pressure averaged 
123/29. He has remained much the same for six years and every effort to persuade his parents to allow 
catheterization has failed. 

A brother born four years later died in his second year. We are indebted to Dr. Harrison, who had 
reported his recovery from subacute bacterial endocarditis (Harrison, 1948), for an account of his necropsy 
and for letting us see the heart, which was a characteristic example of Fallot’s tetralogy. The eldest sib, a 
girl, was normal. 

** Family 17. Man with Fallot’s Tetralogy and son with Persistent Ductus. A boy, aged 14, had Fallot’s 
tetralogy with moderate disability and cyanosis. He had subclavian-pulmonary anastomosis in 1947 and 
ten years later was very well, working full-time and leading a normal quiet life in New Zealand. He was 
married and had three children, and one of these had a persistent ductus that had been closed successfully. 
So far as we know, this is the only child with congenital heart disease born to any of our patients who have 
had an operation for Fallot’s tetralogy, but the number who have married is still small. 
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*Family 18. PNR. NORCD.. Girl with Fallot’s Tetralogy and mother with Atrial Septal Defect. A girl, 
aged 24, died after valvotomy and the diagnosis of Fallot’s tetralogy was confirmed at necropsy. A younger 
brother and sister were normal. Her mother who had died when her youngest child was born was said to 
have had an atrial septal defect. 

*Family 19. PNR. NORCD. Woman with Fallot’s Tetralogy and brother with Congenital Heart Disease. 
A woman, aged 21, had a very successful infundibular resection for Fallot’s tetralogy and has done well for 
eight years. Her next sister was normal. Her youngest sib, a brother, died with congestive heart failure 
due to congenital heart disease when ten weeks old: this was confirmed by necropsy, though I have been 
unable to get details. They are included as a cyanotic and acyanotic pair since death from congestive 
heart failure so early is more often due to a large left-to-right shunt. 


V. PAIRS THAT ARE DISCORDANT BUT BOTH MEMBERS ACYANOTIC (2 FAMILIES) 


** Family 20. PNR. NORCD._ Girl with Coarctation and mother with a Persistent Ductus. A girl, aged 8, 
had a blood pressure of 160/110 in the arms, no palpable femoral pulse, a collateral circulation in the back, 
and notching of the ribs. Her condition has not changed during eight years observation without having an 
operation. Her elder only brother was normal. 

Her mother, aged 31, was well but had not played games at school because of a murmur. She has a soft 
continuous murmur under the left clavicle that is characteristic of persistent ductus, with a systolic thrill. 
The murmur had almost certainly been louder when she was a girl or it would hardly have been recognized. 

*Family 21. PNR. NORCD.. Girl with Persistent Ductus and mother with Pulmonary Stenosis. A girl, 
aged 3, had a persistent ductus and this was closed successfully. Her only and elder brother was normal. 
Her mother had not played games at school because of congenital heart disease; she had been told that she 
might grow out of it, but it seems unlikely that the doctor successfully foretold the closing of a ductus. 
She has a harsh systolic murmur in the pulmonary area, a prominent pulmonary arc, and a slightly enlarged 
heart, so was thought to have slight pulmonary valvular stenosis. 


VI. PAIRS THAT ARE CONCORDANT AND ACYANOTIC (19 FAMILIES) 


** Family 22. PNR. NORCD._ Two sisters with Arachnodactyly and Heart Disease. A girl, aged 19, 
had arachnodactyly with spider fingers, chondro-osteo-dystrophic changes in the spine, subluxation of each 
lens, and a harsh systolic murmur. She developed aortic regurgitation and later congestive heart failure 
from which she died a year later. 

Her sister, who had arachnodactyly with similar changes in the bones and eyes, and a systolic murmur, 
died suddenly when she was 17 after two “‘heart attacks”. The third sib, a boy aged 4, was normal. These 
two, with an account of the necropsy of the first, have been fully reported by Reynolds (1950). 

** Family 23. PNR. NORCD. Two sisters with Coarctation of the Aorta. A girl, aged 13, had coarctation 
with few symptoms but with a blood pressure that averaged 155/112 and some enlargement of the left 
ventricle (c.t.r. 55°%). After operation her pressure fell to 115/70 mm. 

Her mother, having overheard comments about the importance of pulsation in the neck in diagnosing 
coarctation, noticed this in her younger girl, aged 10, and brought her to hospital. The diagnosis was 
confirmed: the blood pressure was 175/137 and the heart enlarged (c.t.r. 56°%). Her operation was equally 
successful and the pressure fell to 115/75. In both cases the heart became smaller and the left ventricular 
preponderance in the electrocardiogram disappeared. Although both these sisters had severe coarctation 
and extremely successful operations, they were not much alike. The elder was thin with a rather narrow 
chest, and the younger who had the higher pressure was sturdy with a broad chest: she had undergone an 
operation for congenital cataract early in life. The third sib, a brother, was normal. 

** Family 24. PNR. NORCD. Two brothers with Aortic Stenosis. Both had systolic murmurs and thrills 
maximal in the aortic area. In both the left ventricle was full and rounded though there was no general 
enlargement of the heart. The younger, aged 8 years, played games without any symptoms. He showed 
left ventricular preponderance without any T wave inversion. Three years later he was equally well, but 
after finding the blood pressure was 125/60, a long but faint diastolic murmur that had been missed at first 
was heard, so that aortic regurgitation had developed spontaneously. 

The elder brother, aged 10, had had an operation for intussusception in his second year. He was more 
disabled and breathless and could not run much. His blood pressure was normal but the pulse was small 
and the left ventricular preponderance and strain were more severe than in his brother (see Table I). Two 
years later as his symptoms were increasing, aortic valvotomy was carried out. He felt better and the left 
ventricular strain almost disappeared, but unfortunately severe aortic regurgitation was produced and after a 
year his blood pressure was 130/42, and in the long term view this must become a serious handicap. There 
were no other sibs. 

** Family 25. PNR. NORCD. Two sisters with Aortic Stenosis. A girl, aged 10, was found to have a 
systolic murmur in the aortic area when one year, and a thrill when five years old. She led an active life 
and had no symptoms until she was 9 when she became more aware of her heart which had become larger 











70 


(c.t.r. 53°% in 1954; 62% in 1957). Her blood pressure was 105/80 and she had gross left ventricular strain 
(see Table I). At operation, the gradient was from 212/24 in the left ventricle to 90/70 in the aorta. This 
was greatly reduced by operation and six months later she was better. 

Her elder sister, now 17, was known to have a murmur when 2, and was diagnosed aortic stenosis by Sir 
John Parkinson when she was 8 years old. When 9 she became very obese and her symptoms seemed due 
to this. She had, however, classical signs of aortic stenosis but without general enlargement of the heart 
or any effect on the pulse, the blood pressure being 130/90. Her cardiogram showed left ventricular pre- 
ponderance but no strain. The eldest sister was normal. 

** Family 26. PNR. NORCD. Woman and son certainly, and her brother and father probably, with Aortic 
Stenosis. A woman, aged 51, knew that she had had a murmur when she was three years old, but had led a 
normal life without symptoms. She had been getting a little breathless on hills for six years but could still 
do most things. She had classical signs of aortic stenosis with some left ventricular strain. Her father and 
her elder brother were said to have the same sort of heart condition, but have not been examined. Her 
second brother and her only sister were normal. 
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TABLE I 


DEGREE OF LEFT VENTRICULAR PREPONDERANCE IN PATIENTS WITH CONGENITAL AORTIC STENOSIS 

















Family Sex S S Largest R Largest | Leads in which T waves were 

No. and in in in S inverted 

age Vi V2 | V5 or V6 + 

mm. | mm. mm. R 

M8 19 27 26 53 None 
4 "3 43 44 47 91 I, V4, V5, V6 
a 13 30 30 ye 55 (V6) only after operation 
5 F 10 36 46 60 106 I, V4, V5, V6 

F 17 22 28 18 46 None: flat in I and V6 
%6 M29 20 30 17 47 None: small in V5, V6 

F 51 23 25 14 39 I: late rising in V5 and V6 








Her son had a murmur from early childhood and when he was 13 there was a rough systolic murmur at 
the base of the heart that had been attributed to a ventricular septal defect but aortic stenosis seems more 
likely. So I had written before I saw him when he was 29. There was no doubt about the aortic stenosis. 
He had a rough systolic murmur and thrill in the aortic area and left ventricular preponderance without 
strain (see Table I). He was leading a normal life and played energetic squash. His only sister was normal. 

** Family 27. PNR. NORCD._ Brother and sister with Pulmonary Valvular Stenosis. The boy, aged 8, 
was becoming more breathless and was cyanotic from a right-to-left shunt through an unsealed foramen ovale. 
The right ventricular pressure was 118/12 mm. Hg. After pulmonary valvotomy he has remained in good 
health for seven years. A large nevus had been removed from his arm when he was a year old. 

His sister, aged 2, had identical physical signs but few symptoms, no cyanosis, and no enlargement of 
the heart, so operation was not advised. When she was 7 she still seemed well but the heart had become 
large (c.t.r. 59°%) and the right ventricular strain was now severe with T inversion to V5. The pressure in 
the right ventricle was 170/5 mm. Hg which was more than double the systemic pressure at that time and 
the arterial oxygen saturation was 90 per cent. (Her brother’s had been 89 per cent). Operation was 
therefore advised and was carried out under hypothermia, but unfortunately the patient died. Necropsy 
confirmed the diagnosis of simple pulmonary valvular stenosis with an unsealed foramen ovale. The eldest 
child, a girl, was normal. All three children were born by Cesarean section but this was due to the mother’s 
narrow pelvis. 

*Family 28. PNR. NORCD._ Sister and probably brother with Pulmonary Stenosis and Ventricular Septal 
Defect. A girl, aged 9, had no symptoms but a harsh systolic murmur and thrill in the pulmonary area. 
The heart was enlarged (c.t.r. 58°%) including the left ventricle. There was right ventricular preponderance 
with T inversion in V1 and V2. The lungs were pleonemic with a hilar dance, and a persistent ductus in 
addition to pulmonary stenosis was wrongly suspected, as the murmur in diastole was heard higher up 
than is usual for a functional murmur from a septal defect. Catheterization confirmed pulmonary stenosis 
with a gradient from 88/2 to 15/10 and a left-to-right shunt that was thought to be at ventricular level. 
The pulmonary flow was 6 litres and the systemic flow 3 litres a minute. In view of the combination of 
lesions no operation was advised. 
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Her younger brother, aged 6, had similar physical signs, except that the diastolic murmur was softer 
and the heart was not enlarged. He too had right ventricular preponderance. It seems likely that he has 
the same combination of lesions, but all attempts to get him in for investigation have failed. Their elder 
brother was normal. 

** Family 29. PNR. NORCD._ Sister and brother with Persistent Ductus Arteriosus. In the sister a 
murmur was heard at nine months and was typical of a ductus at 3 years: when she was 6 there was already 
some enlargement of the left ventricle on radioscopy, and the ductus was ligated. The brother, who was 
then nine months old, had a rough systolic murmur in the pulmonary area that continued into early diastole. 
The lungs were pleonemic, the left ventricle already slightly enlarged, and the pulse pressure wide for his 
age so that a persistent ductus seemed likely, and this was proved by successful ligation a year later. Their 
elder sister was normal, but the mother’s sister had lost a girl 10 weeks old with congenital heart disease. 

** Family 30. PNR. NORCD._ Two brothers with Persistent Ductus Arteriosus. The younger brother was 
diagnosed as having a persistent ductus with a large shunt on a continuous murmur when he was only 20 
months old. His heart was enlarged (c.t.r. 59%) and his blood pressure, 105/67 mm. The pulmonary 
arterial pressure was thought to be high because of the right ventricular hypertrophy but catheterization 
showed it was normal (19/10) in spite of the large shunt. The ductus was closed successfully when he was 
5 years old. 

His elder brother had a continuous murmur in life and was proved to have a persistent ductus at necropsy. 
His death when he was 13 months old was due to meningococcal septicemia without certain meningitis but 
probably with bacterial endocarditis. There were no other sibs but the mother had two miscarriages. 

** Family 31. Two twin sisters with Persistent Ductus Arteriosus. Two sisters, probably identical twins 
as they were the same size and difficult to distinguish, both had a persistent ductus closed by Mr. Edge in 
Sydney in 1943 when they were 7 years old. One unfortunately died after operation, but the other was seen 
10 years later and was found to have a normal heart with the ductus satisfactorily closed. We do not know 
if there were any sibs. 

** Family 32. PNR. NORCD. Two sisters with Persistent Ductus Arteriosus. The elder sister had an 
uncomplicated ductus, which was successfully closed at operation when she was 11 years old. A brother, 
a year younger, had no abnormality. A sister, 12 years younger, was seen when she was 8 with few 
symptoms but with a very large heart (c.t.r. 679%). A systolic murmur had been heard when she was 2 
and by the age of 7 there was a murmur in diastole also, regarded sometimes as continuous and sometimes 
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Fic. 1.—Teleradiograms of mother and son (F33) both with an atrial septal defect, both showing 
pleonemic lung fields and a prominent pulmonary arc. (A) From the mother when she was 42 
and rather over-weight, with a cardiothoracic ratio of 58 per cent. (B) From the son when he 

was 13, showing a heart of normal size, though there was some fullness of the right ventricle. 
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as suggestive of pulmonary regurgitation. Catheterization showed the presence of a persistent ductus, 
pulmonary hypertension (80/50 mm.), and some increase in the oxygen saturation high in the right ven- 
tricle, which was probably due to pulmonary regurgitation, though a ventricular septal defect could not be 
excluded. Operation for her ductus was advised but so far has not been accepted. 

** Family 33. PNR. NORCD. Son and mother with Atrial Septal Defect. This is an interesting pair 
because many features including the shape of the hearts (Fig. 1) and the electrocardiograms (Fig. 2) were 
so similar. There was little change during six years observation. The son, aged 13, had a systolic murmur 
and thrill and a short diastolic murmur in the third left space, and fixed splitting of the pulmonary second 
sound. There was no general enlargement of the heart but on radioscopy some fullness of the right 
ventricle and a hilar dance with striking pulsation to the periphery. His cardiogram showed secondary 
R waves in V1 and some T inversion in V1 and less so in V2. He had few symptoms. Six years later he 
was persuaded to have catheterization which confirmed the diagnosis with a shunt of 7 litres a minute and 
a normal pulmonary arterial pressure. The defect, 7 by 4 cm., has now been closed. His elder brother, 
the only sib, was normal. 

His mother, aged 42, had known about her heart since the age of 5 and had not played games at school, 
but by the age of 16 she did most of what she wanted including dancing, though she could never climb hills 
well. After she was 30 she could do rather less, but noticed no subsequent change, certainly no more than 
could be expected from an increase of two stones in weight. Her heart was enlarged (cardiothoracic ratio 
58°%) and there was a hilar dance and pulsation to the mid-zone. The physical signs were the same as 
those of her son and her cardiogram was very similar though the secondary R waves in V1 were broader 
and the complexes from V3 to V6 smaller and more notched. Her father had died when 67 with pneumonia, 
and her mother when 52 with cancer of the stomach. 

* Family 34. Child and mother and grandmother, all with Atrial Septal Defect. A girl, aged 7, easily got 
pulmonary congestion and was somewhat breathless on running. She had signs of atrial septal defect, 





























































































































































































































Fic. 2.—Electrocardiograms from the mother and son, both 
with atrial septal defects (F33); mother above and son 
below. There is little difference in spite of the mother’s 
age and larger heart: the degree of right ventricular 
hypertrophy appears to be very similar. 
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including a hilar dance, but only moderate enlargement of the right side of the heart. The number of sibs 
is not known. 

Her mother, aged 37, had a systolic murmur that had been present from infancy and other signs of an 
atrial septal defect with much more enlargement of the right side of the heart and of the pulmonary arteries, 
and a hilar dance. Investigations were refused. Her mother had died with heart failure when she was 38 
and necropsy showed an atrial septal defect. I am indebted to Dr. Breakey for letting me see two of these 
patients. 

** Family 35. Boy with V.S.D. and one or two sisters with C.D.H. A boy, aged 7, had a ventricular 
septal defect with a pulmonary flow of 22 litres a minute. This was successfully closed by Sir Russell Brock. 
He was the fifth of 9 children (4 girls, 5 boys). The eldest sister was said to have died with whooping cough 
and a congenital heart lesion (?V.S.D.) when 10 years old, and the youngest, aged 9 months, was thought to 
have a congenital heart lesion. The other six were all normal. 


PAIRS THOUGHT TO HAVE SMALL VENTRICULAR SEPTAL DeEFEcTs (V.S.D.) BUT UNPROVEN (5 FAMILIES) 


Family 36. PNR. Mother and son with small V.S.D. A girl, aged 17, had known about her heart 
murmur since the age of 3, and had been a little breathless when playing tennis. There was a systolic murmur 
and thrill in the third and fourth left intercostal spaces. Five years later, her condition and her physical 
signs were unchanged. She then brought up her son, aged 2, with almost identical findings. He had no 
symptoms but had a rough systolic murmur and a fine thrill in the third and fourth left intercostal spaces. 
Neither had any general enlargement of the heart but some fullness of both ventricles on radioscopy. Both 
were thought to have a small ventricular septal defect and the normal lung fields excluded a large shunt. 

Family 37. PNR. NORCD. Son and mother with small V.S.D. The son, aged 10, had no symptoms 
and the murmur had been found at birth. It was heard down the left side of the sternum and a thrill could 
be felt after exercise. The heart was not enlarged and the lung fields were normal, possibly with a slightly 
increased blood flow. The cardiogram was normal but four years later showed some left ventricular pre- 
ponderance. His mother had a rather harsher murmur and a soft thrill at the same site with a normal-sized 
heart and a normal cardiogram. Her second son, the only sib, was normal. Her father who had been 
refused life assurance because of a murmur, died when he was 81, with cardiac infarction, and her brother 
was said to have a similar murmur. 

Family 38. Two twin sisters with small V.S.D. These two were almost certainly identical twins. They 
had very similar systolic murmurs and curiously parallel histories of various illnesses throughout their lives. 
For example, both developed corneal scarring after whooping cough, and both developed a femoral hernia 
during a pregnancy when they were 30 years old. They have been fully reported (Campbell, 1944), but it 
has not been possible to trace them for re-examination. Nothing else is known about the family. 

Family 39. PNR. NORCD. Two brothers with small V.S.D. One of these and sister with Hare Lip. 
These two brothers, aged 6 and 3, both had rather musical murmurs in the fourth left interspace. In the 
elder the lungs seemed slightly pleonzmic, but in the younger they were within normal limits, and neither 
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Fic. 3.—Family tree of a brother and sister with small ventricular septal defects. This is included because 
of the number in the family who were of short stature with short broad hands and feet (F40). 
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had any evidence of ventricular preponderance. They have remained well and without symptoms for 
seven years. 

The younger of these two and their only sister, whose heart was normal, both had hare-lips for which 
they were having surgical treatment. The father’s mother had a line from nostril to lip which suggested 
she had narrowly escaped a hare-lip. 

Family 40. Parents first cousins. Two sibs with small V.S.D. Short stature and short broad hands and 
feet in four generations (Fig. 3). A sister and brother, aged 3 and | years when first seen 7 years ago, had 
rough systolic murmurs maximal in the third left space with a thrill in the elder. They were a little breath- 
less. There was nothing abnormal on radioscopy or in the cardiogram. Both had severe myopia: both were 
short and had extremely short broad hands and fingers and short broad feet witha high arch. Their younger 
sister was normal, both as regards her heart and her size and hands. In the remarks that follow all the 
patients described as having short broad hands had also short broad feet. 

The mother (Mrs. C.) was 5 ft. in height and had short broad hands; the father, her first cousin, was 
5 ft. 34 in. and also had short broad hands. The mother of Mrs. C. was 4 ft. 5 in. and had short broad 
hands; her brother, the father of Mr. C., was 5 ft. and had short broad hands. These two had one brother 
who was 5 ft. 1 in. and had short broad hands. 

The parents of these three, the great-grandparents of our two children, were both small: a Lithuanian 
man 4 ft. 11 in. in height with rather small hands had married a Latvian woman who was 4 ft. 3 in. in height 
and had short broad hands. The rest of the subjects described were descended from this pair. So far as 
is known, no one else in the family had any other form of congenital disease of the heart or elsewhere, but 
left-handedness was common, occurring in about half the subjects. 


ANALYSIS OF THESE FAMILIES 


Consanguinity of Parents. In one of the five families with a case of situs inversus, the parents 
were first cousins (F7). They were not known to be related in the other four, but the mother’s 
parents were first cousins in one of these four (F8). 

There was only one family among the other 35 where the parents were first cousins (F40) and 
in 29 of the 35 special enquiries had revealed no knowledge of any relationship. 

Sex of Affected Patients. In the 25 examples where the pair with congenital heart disease were 
sibs, they were more often two brothers (eight times) or two sisters (seven times) than a brother 
and sister (six times). In the other four families three sibs were affected: there were two sisters 
and a brother three times, and a sister and two brothers once. The total numbers showed no sex 
difference, there being 27 boys and 27 girls. 

In the 9 examples where the pair were child and parent, there were five sons and four daughters 
but eight mothers and only one father. The numbers, however, are small and in two mothers 
at least the symptoms were so slight that we should probably not have known about them unless 
they had been examined when they brought up the children. The only father had been successfully 
operated on for Fallot’s tetralogy (F17). 

Twins. There were only two pairs of twins in these families. Both were almost certainly 
identical twins and both pairs had congenital heart disease, one pair persistent ductus (F31) and the 
other pair small ventricular septal defects (F38). Although one might expect that both identical 
twins or neither of them would be affected, this is not the general rule (Uchida and Rowe, 1957). 
The only other mention of twins was that the parents of the mother of two children with situs 
inversus were first cousins, the children of twins, probably identical twins (F8). 

Number and Sex of Healthy Sibs. The families in which these children were born were on the 
whole small ones, though several may have been incomplete. We have no information about 2 
of the 25 families where the pair were sibs but in the other 23 there were only 34 additional children 
(13 boys, 19 girls, and 2 sibs where the sex is not known). As 19 of these 34 children were in three 
families, the others were very small. Sometimes, of course, the parents may have decided against 
having more children, because of their misfortune in having two with heart disease, but this is not 
the main reason, for often the diagnosis had not been made till some years later. 

In the 9 families where the pair with congenital heart disease were child and parent and in the 
6 where they were less closely related, the numbers of the younger generation were again small. In 
the 14 families where we have the information there were only 21 normal children—nine boys, 
six girls, and six sibs where the sex is not known. 
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Each group alone is too small to be significant but, taking the three together, there was no 
evidence of any sex preponderance among the normal brothers and sisters, 22 being boys, 25 being 
girls, and 8 sibs where the sex is not known to us. 

Other Congenital Malformations in these Families. Among 88 children with heart disease, one 
would not expect to find many other malformations by chance. Apart from several examples of 
situs inversus as well as other heart lesions, and the two sisters with the bony and ocular features 
of arachnodactyly as well (F22), there were, however, four major examples and some minor ones— 
more than would be expected by chance. 

Among these 88, there was one with spina bifida and a club foot (F3), one with a malformed 
ureter (F15), one with bilateral congenital cataract (F23), and one with a hare lip (F39). The 
minor lesions included extensive melanodermia (F4), a large nevus on the arm that needed removal 
(F27), intussusception when two years old (F24), and pathological obesity (F25). 

Among the 55 sibs with normal hearts there were a sister with hare lip (F39, where the brother 
with hare lip has already been mentioned) and a brother with congenital pyloric stenosis (F10)— 
perhaps no more than would be. expected by chance. Special enquiries about relatives with any 
other congenital lesions had been made in 33 of these 40 families and these are marked NORCD. 

In general, I have found that patients with congenital heart disease have other malformations 
more often than would be expected by chance, and that these may be of any type, no one variety 
being specially common or specially linked with any one form of congenital heart disease. 


CONCORDANCE OR DISCORDANCE OF THESE MALFORMATIONS 


Among the sibs of a patient with cyanotic congenital heart disease, the incidence of a second case 
is between seven and twenty times as high as would be expected by chance (Polani and Campbell, 
1955). In reported cases the two abnormalities are more often of the same or of similar type (con- 
cordant) than of different type (discordant), but one can not know whether more cases are reported 
just because they are concordant. 

However, this is true in our unselected series. Of our 40 pairs, 26 were certainly or probably 
concordant, 8 were partly concordant with some features in common, and only 6 were completely 
discordant (Table II). There were 8 pairs where both members were cyanotic, 22 where both were 
acyanotic, and 10 where one was cyanotic and one acyanotic but some of the differences were 
more apparent than real. 

Cyanotic and Mixed Pairs. Several of the cyanotic patients had complex malformations so it 
is not easy to say whether they were just the same or somewhat similar. Nevertheless, there 
appears to be a greater chance of a similar malformation occurring in both members of the pair, 
and this is very evident in the case of situs inversus, though here the second member did not always 
have morbus cceruleus as well. Some of those with pulmonary stenosis illustrate differences that 
were apparent rather than complete. 

There were 13 pairs where one of the members had Fallot’s tetralogy. Of the other 13 members 
of these pairs, three had Fallot’s tetralogy and one had pulmonary atresia with the aorta arising 
from the left ventricle: five others (F11—15) had some component of Fallot’s tetralogy, three having 
pulmonary stenosis with a closed ventricular septum, one pulmonary stenosis with a left-to-right 
shunt through a ventricular septal defect, and one a ventricular septal defect without pulmonary 
stenosis. Against these 9 (and 4 others where both members of the pair had some form of morbus 
ceruleus) there were only 4 where the second member had a completely different malformation 
(F16-19). The eighteenth pair both had situs inversus but one had a normal heart otherwise 
and one had pulmonary atresia (F10). 

In summary, 3 pairs were completely concordant and 4 may have been so; 7 were partly con- 
cordant, having some but not all features in common; and 4 were completely discordant. 

Acyanotic Pairs. These 22 pairs are easier to discuss from this point of view because the mal- 
formations were generally simple ones. They were the same in many pairs. Thus, two sisters both 
had coarctation of the aorta; two pairs of sibs, and a mother and son, all had congenital aortic 
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TABLE II 
PROPORTION OF PAIRS WITH HEART DEFECT THAT IS CONCORDANT OR DISCORDANT 





Defects Defects Defects 
certainly probably partly Defects 
concordant concordant | concordant | discordant 





Both of pair 


acyanotic > 11 8 1 2 
(22 pairs) 
One or both 
cyanotic > 
(18 pairs) . eee ’ " 
All cases 26 8 6 





stenosis; and two sibs had pulmonary valvular stenosis. Similarly, in those with left-to-right shunts, 
four pairs of sibs had a persistent ductus, two pairs (a mother and son, and a mother and daughter) 
all had atrial septal defects, and a boy and probably his two sisters had ventricular septal defects 
(F35). Though the diagnosis of this lesion was less certain, there were five pairs with similar physical 
signs that were thought to indicate small ventricular septal defects (F36-40). Finally, a girl had 
pulmonary stenosis and a ventricular septal defect with a left-to-right shunt, and her brother had 
similar physical signs but has not been available for catheterization. Two sisters had arachno- 
dactyly and heart disease and this was probably concordant but we do not know its exact nature in 
one (F22). 

Excluding the partly concordant pair where both had situs inversus, one with nothing else and 
the other with anomalous pulmonary venous drainage (F9), there were 11 concordant pairs where 
the lesions were almost certainly the same in both members and 8 where this was probable: against 
this there were only 2 discordant pairs, one where a daughter had coarctation and her mother a small 
persistent ductus, and the second where the daughter had a persistent ductus and the mother slight 
pulmonary stenosis. 

Both the discordant pairs were in parent and child. Where the malformations were certainly 
concordant, 8 pairs were sibs and 3 pairs were parent and child. Including those where they were 
probably concordant, 14 pairs were sibs and 5 were parent and child. This means that where the 
acyanotic pairs were sibs they were probably concordant in all 14 pairs, but where they were parent 
and child they were concordant in 5 but discordant in 2 pairs. 

Even when two patients have the same malformation, concordance does not always mean that 
it was of just the same degree. In the families with aortic stenosis, for example, there was sometimes 
great variation in the severity (see Table I). Thus, of the two pairs of sisters and brothers, one of 
each was severe and the other was much less so (F24 and 25), but the mother and son both had a 
relatively mild degree of aortic stenosis (F26). 

There were, however, sometimes very striking resemblances; thus the two sisters with coarctation 
{F23) both had an unusually high blood pressure for their age, and both had very good results from 
operation, the pressures falling to low normal figures, 115/70 and 115/75, and the left ventricular 
preponderance disappearing. Again, the two children of first cousins who had Fallot’s tetralogy 
both died suddenly (F5). 

Statistical Significance. If these malformations were distributed by chance the findings would 
be very different. For assuming an equal distribution of these six acyanotic congenital conditions 
—an assumption that makes the arithmetic easier and is not very inaccurate except that coarctation 
and aortic stenosis are less common than the other four—one would expect 3-5 of the 21 pairs to be 
concordant instead of the 11 or probably 19 that were actually found, and 17-5 to be discordant 
instead of the 2 that were found—contrasting figures that are most unlikely to be found by chance 
—and the discrepancy would be still greater if the possibility of some cases being cyanotic were 
taken into account. 
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It is more difficult to be sure how much the total incidence of acyanotic congenital heart disease 
is above what would be expected by chance. By the end of 1952 we had seen 460 cases of acyanotic 
heart disease and the number is now about 800. Assuming a family size of 4 in addition to the 
propositus (2 other children and 2 parents) and an incidence of 1-3 per 1000 for all forms of con- 
genital heart disease still living at the age of one year (MacMahon ef al., 1953) the population at 
risk is 3200 (800 x 4) and the number expected would be 4-2 cyanotic and acyanotic cases instead 
of the 22 acyanotic cases actually recorded. This is five times as many as would be expected by 
chance, and the chance against so many of them being concordant would be much greater. 

Taussig (1947) quotes the view that if a malformation occurs in one offspring, there is a 20 per 
cent chance that there will be some malformation in subsequent sibs and a 2 per cent chance that 
it will be the same. In my experience the first figure is much too high but the relative chance of 
the two defects being the same is far greater. 

We are not reviewing the many pairs that have been reported by others, but mention two that 
appear fully concordant. Courter ef a/. (1948) reported Lutembacher’s syndrome in two sisters, 
aged 21 and 26. Davidsen (1958) reported well-authenticated atrial septal defect in a mother and 
in two of her eight children, and some abnormality that led to death from congestive heart failure 
at six years of age in a third child: the others were healthy. He had not been able to find many 
examples of atrial septal defect in two members of a family and, adding our cases to those he had 
collected, there were five examples in a parent and child and only two in sibs. This is contrary to 
our general experience where the pair are more likely to be sibs than a parent and child but the 
numbers are too small to be significant. 

On these figures, I would not like to say that pairs in a family are more likely to occur with one 
congenital defect than with another. There is only one pair with coarctation (among about 140 
cases) and four pairs with a persistent ductus but the latter is more common. Three pairs with 
aortic stenosis seems a good deal but the numbers are too small to be decisive. However, 
Jacobson (1958) has seen it so often with aortic stenosis that she now gets up all sibs of a new case 
as a routine and has seen some multiple examples as well as pairs. 


GENETIC AND ENVIRONMENTAL CAUSES 


The presence of two or more members of a family with similar congenital malformations 
suggests that the cause is genetic. When two sibs are affected it could, however, be environmental, 
if some maternal factor interfered with the development of the foetus in utero. When mother and 
child are affected this is less likely and is possible only if the same uterine environment had been 
inherited. The fact that the two malformations in a family are often the same or similar makes an 
environmental cause even less likely, for it is difficult to imagine how this could produce two examples 
of coarctation or of pulmonary stenosis, though easier to imagine how it might produce two errors 
of development of some sort. 

This may, in fact, occur when the mother had rubella in the second or third month of pregnancy 
There is no doubt this can produce malformations of the heart and elsewhere. Among our series 
of 243 patients with Fallot’s tetralogy where careful enquiries were made, there were four examples 
(Campbell, 1949). We have seen two other examples, one of persistent ductus and one of coarcta- 
tion of the aorta with complete deafness. In this series we have no evidence that it was ever a 
factor (and where sibs are affected it could hardly be so, unless they were twins). We do not think 
that it is an important cause numerically. It does, however, raise the question whether other virus 
infections or unrecognized causes may be important more often than is thought. 

It seems unlikely that there are separate genes responsible for all of the many possible con- 
genital malformations, and it is probably an over-simplification to think that there is always a 
single cause for congenital malformations. Stewart ef a/. (1958) studying the families of children 
who died from leukemia and other neoplasms, found some evidence for multiple causative factors. 
For example, an undue proportion of the mothers of these children had been exposed to abdominal 
X-ray examination during the relevant pregnancy—a proportion that was statistically significant. 
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Nevertheless, even if it was the effective cause in every case where there had been such exposure, 
it accounted for only a proportion of children with leukemia; and many mothers after such an 
X-ray examination gave birth to normal children. 

Record (1958) has summarized his reasons for thinking that environmental factors in utero 
may be of importance in some congenital malformations, though he agrees that genetic factors are 
generally more important. He draws attention to the fallacies of retrospective enquiries about the 
mother’s health during the first three months of pregnancy, when she already knows that she has 
given birth to a child with some malformation. 

The frequency with which two congenital heart lesions in a family are of the same nature seems 
more in favour of a genetic cause. Even so, it may not always be the sole cause of the malformation, 
but may make it more likely to develop under certain environmental conditions. 


GENETIC INHERITANCE 

Relatively little is known about the genetics of congenital heart disease. For example, Herndon 
in his chapter on cardiovascular disease in Sorsby’s Clinical Genetics covers this in three pages, 
while diseases of the eye need eighteen pages and these contain many family pedigrees with 
multiple inheritance through three or four generations: this is uncommon with congenital heart 
disease where the malformation is more often confined to two cases. Herndon (1953) estimates that 
65 per cent of the multiple cases occur as a single sibship and only 35 per cent as multiple sibships 
or in different generations, and my own figures show an even greater preponderance of single sib- 
ships. Ginsslen et a/. (1940), reviewing all the reported cases, found most of them in two sibs 
or in a parent and child, but quoted two families where the malformation was found in four genera- 
tions: in one of these (their Fig. 11, after Yamada) there were 18 examples in four generations. 

Among our cases the defect was found most often in sibs and only twice (F26 and F34) in three 
generations. When the pair were a parent and child, the malformations were nearly as likely to 
be discordant (F17, 18, 20, and 21) as concordant (F26, 33, 34, 36, and 37), a much higher propor- 
tion of discordance than was found in sibs. 

Apart from two families (26 and 34), there was, therefore, nothing to suggest inheritance as a 
Mendelian dominant character. The only family pedigree illustrated here (Fig. 3) was added 
because two sibs with small ventricular septal defects were found in a family where short stature 
and short broad hands and feet were inherited, apparently as a dominant character, through four 
generations. 

Outside the field of congenital heart disease, it is easy to find examples covering several genera- 
tions. Thirty years ago I investigated a family with acholuric jaundice, where 15 members in five 
generations were affected (Campbell and Warner, 1926) and there was good evidence that the 
mode of inheritance was dominant. This, however, was masked at first by some cases being latent 
and recognizable only by tests for blood fragility, which was the dominant character inherited, the 
jaundice developing sometimes early, sometimes later, and sometimes not at all, partly under the 
influence of environmental factors. In the case of congenital heart disease, this combination of 
causes is only possible at an early stage of foetal development; though persistent ductus and atrial 
septal defect—at least ostium secundum—are different and could possibly be influenced by the 
environment at a later stage. 

As there is no good evidence that these congenital heart conditions are inherited as dominant 
characters, the possibility of recessive Mendelian inheritance must be considered. Cockayne (1938) 
has produced convincing evidence that situs inversus is inherited in this way. (1) First, he found the 
ratio of affected to normal children was | to 1-7 in reliable sibships where all had been examined, 
and | to 2-9 in all the sibships (omitting those who died before they were one year old): the true 
proportion was somewhere between these two figures. Theoretically, the ratio should be 1 to 3, 
but it is less than this, partly because the two parents being heterozygous (and therefore normal), 
the family can not be recognized unless there are enough children for one of them to be homozygous 
(and therefore with situs inversus): for this reason many normal children are perforce omitted, 
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making the ratio of affected to normal children higher, somewhere between 1 to 1-5 and the 
theoretical 1 to 3. (2) Secondly, there was a high incidence of first cousin marriages—in 6 of his 
53 fraternities. (3) Thirdly, he knew of only two cases where a parent and child were affected. 
This should be uncommon, for it can only happen if the parent (who must be homozygous) marries 
someone who carries this gene but is heterozygous and therefore appears normal: the lower the 
incidence of the gene in the general population the more rarely will this occur. The relative rarity 
of the gene will also influence the percentage of cousin marriages needed for significance; and the 
less common the gene, the more cousin marriages can be expected. 

These three points will now be considered in relation to the present series. (1) We cannot 
apply the ratio of affected to normal children since our families were selected because they had two 
affected children, but in Fallot’s tetralogy, coarctation, and persistent ductus, the ratio was | to 1-7, 
1 to 2-3, and | to 1-7 respectively. (2) In one of the five families with situs inversus, the parents 
were first cousins—an even higher proportion than in Cockayne’s series. Among the 25 other 
families there was, however, only one other where the parents were first cousins (F40). This figure 
is too small to express as a percentage but it would be three times as high as the figure we found 
among parents of children with Fallot’s tetralogy—a figure that was consistent with, but not decisive 
of, recessive inheritance (Polani and Campbell, 1955). (3) The proportion with parent and child 
affected is much less than with two sibs, but is more than would be expected for recessive inheritance 
unless the gene is fairly widely distributed in the population. We have, however, reason to think 
that this is so, for the frequency of situs inversus is about one in ten to twenty thousand and some 
forms of congenital heart disease are much more frequent than this. 

In conclusion, we have no decisive evidence of recessive Mendelian inheritance, apart from situs 
inversus, but the general picture is compatible with this mode of inheritance. 


SUMMARY AND CONCLUSIONS 


We have reported 40 families in which there were two or more examples of congenital heart 
disease. These were in sibs in 26 families and less often in parent and child. 

The malformations were the same or similar (concordant) in most of the acyanotic pairs. They 
tended to be concordant, but much less decisively so, in the cyanotic or mixed pairs. They were 
concordant more often when they occurred in sibs than when they were in parent and child. 

The influence of genetic and environmental factors has been discussed. The former appear to 
be the more important, but it seems possible that a genetic factor may not always be decisive alone 
and may become manifest under the influence of some environmental factor. 

There is no evidence of dominant Mendelian inheritance in these cases. There is further evidence 
for Cockayne’s view of recessive inheritance in situs inversus. This may be the case in the other 
malformations discussed: the evidence is much less decisive but appears to be compatible with 
recessive inheritance. 

When there is one child in the family with congenital heart disease, subsequent children show 
such a malformation more often than would be expected by chance, but the risk of this is not great 
and should not generally be taken into account in planning the number of children. 


ADDENDUM 
Since this was printed, Dr. Hancock has shown me the typescript of a paper by Carlton et al. 
(1958). They describe three families like those discussed here. In the first a sister had atrial 
septal defect and her brother had coarctation. In the second, two sisters and the daughter of one 
of them all had atrial septal defects. In the third, three sisters had atrial septal defects and the 
daughter of one of them was thought to have a ventricular septal defect with pulmonary stenosis. 
They collected 141 cases that had been reported since 1941, taking this as the time when 
catheterization became used more widely. Even so, the nature of the defects was unspecified in 
many of the cases, but 41 of the pairs were concordant against 100 that were discordant or with 
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one member unspecified. They too thought that their data were compatible with inheritance of 
these conditions as autosonal recessives genes. 

Wood (1958) says that in his experience when there were two examples of congenital heart 
disease in a family it was nearly always of the same kind. 
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The number of well-documented reports of the findings in primary pulmonary hypertension is 
increasing rapidly, but the etiology remains obscure. A review of the published series reveals two 
possible clues. First, most of them show a significant female preponderance and, secondly, some 
suggest that primary pulmonary hypertension can be familial. Thus Dresdale et a/. (1954) described 
three cases, mother and son and the mother’s sister, all of whom died of right heart failure. Cardiac 
catheterization in the mother and son demonstrated severe pulmonary hypertension and showed 
no congenital cardiac defects, and in the case of the sister the diagnosis was based on clinical, electro- 
cardiographic, and radiological findings: a brother of the mother died of undiagnosed heart 
disease at an early age. Clarke et a/. (1927) in a paper on lesions of the pulmonary arteries described 
two sisters: one of them died in heart failure at the age of 53 years, and necropsy showed a dilated 
and hypertrophied right heart with no septal defects and marked atheroma of the pulmonary 
arteries; the other sister, aged 7 years, was cyanosed and dyspneeic and showed clinical evidence 
of right ventricular hypertrophy. Lange (1948) described a family of 186 members of whom 82 
were said to be cyanosed: of 42 members personally examined, 30 were cyanosed and 10 had an 
accentuated pulmonary second sound; 13 out of 21 examined radiologically had an enlarged 
pulmonary conus, and some had cardiographic evidence of right ventricular preponderance: none 
of these cases came to necropsy. Because of lack of post-mortem confirmation, this evidence, 
though suggesting that primary pulmonary hypertension can be familial, remains inconclusive. 
For this reason we report the findings in a brother and two sisters who died of primary pulmonary 
hypertension confirmed in each case by necropsy. 


Case Reports 


Case I. The patient, a 22-year-old housewife, was admitted to hospital under the care of Mr. J. S. 
Hovell in the 36th week of her third pregnancy, because she had developed a cough and dyspnoea. She 
had had diphtheria at the age of 6 years, but otherwise her health had been good and her previous pregnancies 
uneventful. On admission moist sounds were heard at both lung bases. Labour, four days later proceeded 
normally, lasting two hours, but immediately afterwards her condition deteriorated, and she was seen by 
one of us (A. W. B. E.) four hours later. She was then breathless and cyanosed; there was no oedema and 
the jugular venous pressure was not increased. The heart rate was 100 a minute with regular rhythm and 
the blood pressure was 120/90. On auscultation the lungs were clear; a presystolic murmur was heard at 
the apex and an early diastolic murmur below the pulmonary area. She was thought to have mitral stenosis 
and aortic incompetence with impending pulmonary cedema. In spite of treatment, she collapsed suddenly 
and died, early on the following day. 

Necropsy. The body was that of a well-built young woman. There were 300 ml. of fluid in each pleural 
cavity and a moderate excess in the pericardial sac. The heart (380 g.) was enlarged, with dilatation of the 
right atrium and dilatation and hypertrophy of the right ventricle. The pulmonary artery and its main 
branches appeared of normal calibre and contained small flecks of atheroma. The lungs were a little 
congested and there was some basal collapse. Apart from passive congestion the other organs were normal. 

Histology. Significant changes were limited to the pulmonary arterial tree. The most striking feature 
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was an extensive intimal proliferation which was seen in vessels ranging from elastic arteries of 3 mm. 
external diameter down to the smallest arterioles. 

In the elastic arteries there was focal concentric proliferation of the intima with typical atheromatous 
degeneration but little arterial occlusion. A large proportion of the muscular arteries were similarly 
affected by a focal intimal proliferation, consisting of concentrically arranged fibroblasts with a variable 
proportion of collagen and occasional elastic fibres. In the small muscular arteries, in the range 100-300. 
external diameter, intimal proliferation often caused a serious degree of occlusion (Fig. 1). Occlusion of 
some muscular arteries was almost complete but it was usually possible to make out a concentric arrange- 
ment of the fibroblasts around what appeared to be the remains of the original central lumen. In some 
arteries, however, the intimal proliferation was eccentric (Fig. 2). No recent thrombi were seen. 
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Fic. 1.—Case 1. Muscular artery 220u external diameter. Fic. 2.—Case 1. Muscular artery, 220 external diameter, 
Occlusion by intimal proliferation : appearance suggests in centre of figure. Eccentric intimal proliferation 
organization of thrombus. All sections were stained with thinning of the adjacent media. x 70. 
with Verhoeff’s elastic stain and van Gieson. Magni- 
fication x 350. 


The media in the majority of the muscular arteries was normal but in a small proportion there was focal 
thinning; the muscle fibres were absent from a segment of the vessel wall, and there was fragmentation of 
the internal elastic lamina or fusion of the internal and external elastic lamine to form a single lamina 
(Fig. 2). This medial thinning was always associated with intimal proliferation and tended to occur in the 
vicinity of branching; outward bulging of the vessel wall was not seen. 

An unusually large proportion of small muscular arteries of external diameter of about 100u were 
present, all showing almost complete occlusion by intimal proliferation. Occasional very small arteries 
were seen with external diameters down to 60 (Fig. 3). The majority of the arterioles were completely or 
almost completely blocked by intimal proliferation (Fig. 4). 

Case 2. After the death of Case 1 we heard from the family doctor (Dr. J. H. Beilby) that a sister had died 
at the age of 35 years, also from primary pulmonary hypertension, in Ashford Hospital, Middlesex. She was 
a married woman with three children. She had remained well apart from diphtheria when 20 and a 
cough dating from measles at the age of 4. Her first two pregnancies were uneventful, but a month before 
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PRIMARY PULMONARY HYPERTENSION IN THREE SIBS 
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wh, Fic. 3.—Case 1. Very small muscular artery, 60u external Fic.4.—Case1. Arteriole, 60 external diameter, occluded 
° diameter, intimal proliferation. Compare the arteriole by intimal proliferation. x 800 
in Fig. 4 which was taken at the same magnification. 
x 800. 

2 her third confinement she became breathless and was noticed to be cyanosed. Labour was normal but the 
° dyspnoea persisted. Her appetite became poor and she lost 21 lb. in weight; her periods did not reappear. 
: A year after the onset of these symptoms she was first seen by Dr. K. D. Keele, to whom we are indebted 
' for details of this case. She was found to be slightly cyanosed; there was no clubbing of the fingers, no 
4 increase of jugular venous pressure, and no oedema. Blood pressure was 120/90. The heart rhythm was 

regular; the cardiac impulse was heaving. The pulmonary second sound was exaggerated and not split, 
; but a short early diastolic murmur was audible at the pulmonary area and below. On screening the heart 
m4 showed enlargement of the right ventricle and an enlarged pulmonary conus. The hilar vascular shadows 

were not unduly prominent but showed pulsation. The left atrium was not enlarged. Anelectrocardiogram 

showed gross right heart preponderance. 


She became increasingly dyspneeic on effort during the next two years, and towards the end of this 
period she was admitted to hospital with ankle edema which had first appeared a month before. She was 
cyanosed and in congestive failure with hepatic enlargement. Screening again showed hilar pulsation and 
very large pulmonary arterial shadows. Three months later she was again admitted, this time with jaundice 
and gross oedema; the cardiac rhythm was still regular and the rate was 120 a minute. At this time a mid- 
diastolic murmur was just audible at the apex. A few basal crepitations were heard. While preparations 
were being made for venesection, she collapsed suddenly and died. 

Necropsy. Necropsy was carried out by Dr. W. F. Hamilton who kindly sent us a copy of his report 
and also most generously made available slides and blocks from the lungs. The body was that of a rather 
stout woman with cedema of the ankles. There were 900 ml. of fluid in each pleural cavity and a consider- 
able excess in the pericardial sac. The heart (600 g.) showed dilatation and hypertrophy of the right atrium 
and especially of the right ventricle. A small thrombus was adherent to the endocardium of the right 
ventricle. There was extensive atheroma of the pulmonary arteries and their smaller branches. Apart 
from basal congestion the lungs were normal. There was passive congestion of the other organs. 

Histology. As in Case 1 the most striking feature was extensive intimal proliferation seen in arteries 
of all sizes and in the arterioles (Fig. 5 and 6). The elastic arteries also showed typical atheromatous 
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degeneration. Two good examples of medial thinning were seen (Fig. 5) both in the same section but, as 
only three blocks were available for examination, it was not possible to form an estimate as to the frequency 
of this lesion. No recent thrombi were seen but in one artery the appearance of multiple small vascular 
channels, within a lumen otherwise completely occluded by intimal proliferation, strongly suggested the 
recanalization of a thrombus (Fig. 5). One muscular artery of external diameter only 110 showed in 
addition to intimal proliferation, a marked crenation of the elastic lamin, and an increase in the thickness 
of the wall relative to the diameter (Fig. 6). 





Fic. 5.—Case 2. Muscular artery 500 external diameter. Fic. 6.—Case 2. Muscular artery, 110 external 


Medial thinning involving one-third of the circumference; diameter; crenation of the elastic laminze and 
occlusion by intimal proliferation with multiple small increase in thickness of the wall relative to the 
channels indicating recanalization of organized thrombus. diameter. Complete occlusion by intimal pro- 
(This was the only artery in Case 2 showing multiple liferation. x 330. 


channels, the usual arrangement being concentric fibrosis 
round a central lumen as in Fig. | and 8.) x 120. 


Case 3. A brother of Cases 1 and 2 was a farm worker aged 41 years when he first came under the 
care of one of us (A. W. B. E.). He had had a cough for many years and diphtheria at the age of 26. Other- 
wise he had remained well until three months before, when, as he was feeding hay to his animals, he sud- 
denly developed palpitation and breathlessness. He improved slowly and after a month returned to work, 
but a week later there was a similar episode. On examination he was not cyanosed; the heart rate was 
80, with regular rhythm. The blood pressure was 150/100. The apex beat was diffuse and heaving; the 
pulmonary second sound was normally split and after exercise a third sound was heard to the left of the 
sternum. The liver was palpable four fingers’ breadth below the costal margin. Screening of the chest 
showed some enlargement of the right ventricle. There was moderate enlargement of the pulmonary 
arteries which showed distinct pulsation. An electrocardiogram showed right bundle-branch block. A 
diagnosis of pulmonary hypertension probably secondary to an atrial septal defect was made, and he was 
advised to avoid strenuous exertion. A year later cyanosis appeared and gradually increased and towards 
the end of the year he developed oedema of the ankles and a constant dull ache over the liver. We then 
became aware of his relationship to Cases 1 and 2 and considered the possibility that his pulmonary hyper- 
tension was primary. Early in the following year he was admitted to hospital in congestive heart failure 
with deep cyanosis, gross cedema, and tender enlargement of the liver. He died after a further three months, 
two years after the start of his symptoms. 

Necropsy. The body was that of a heavily built man with gross cedema of the legs, genitals, and sacrum. 








The 

thick 
Ther 
bran 
great 


Shor 
oxyc 
smal 
tensi 


mus 
arte 
med 


exal 


fror 
sep! 
was 
pul: 
lun, 
chil 
Car 





nal 
nd 
the 
ro- 














PRIMARY PULMONARY HYPERTENSION IN THREE SIBS 85 
The heart (750 g.) was enlarged with dilatation and hypertrophy of the right atrium and ventricle; the 
thickness of the muscle of the right ventricle equalling that of the left. The heart was otherwise normal. 
There was a little free fluid in the pleural and pericardial cavities. The pulmonary artery and its main 
branches seemed dilated and showed flecks of atheroma. The lungs were a little congested. There was a 
greatly enlarged nutmeg liver. Apart from passive congestion the other organs were normal. 

One lung was retained for microscopic examination and the other was despatched intact to Dr. D. S. 
Short who kindly examined it radiographically after injection of the pulmonary arteries with bismuth 
oxychloride in gelatin (Short, 1956). The pulmonary arteriogram (Fig. 7) showed generalized loss of the 
small arteries and arterioles due to arterial obstruction; an appearance seen in cases of pulmonary hyper- 
tension and likened to a pruned tree by Evans (1951). 





Fic. 7.—Case 3. Arteriogram shows “‘Pruned tree”’ appearance due to generalized loss 
of the finest arteries and arterioles. 


Histology. The microscopic appearances were similar to Cases 1 and 2, though the obstruction of the 
muscular arteries appeared to be less extensive. However, in many of the sections there were muscular 
arteries that showed severe occlusion, and in some of these there was an increase in thickness of the 
media (Fig. 8). Many occluded arterioles were seen (Fig. 9). In occasional muscular arteries the media 
was completely disorganized and the muscle was partially replaced by fibrous tissue. Only very occasional 
examples of medial thinning were seen. 


FAMILY STUDIES 


The first patient (Case 1) died shortly after the birth of her third child. The baby was cyanosed 
from birth and died on the fourteenth day. Necropsy was carried out and revealed a large atrial 
septal defect and absence of the spleen. Sections were made from one lung and the other lung 
was sent to Dr. D. S. Short, who, after injection of the pulmonary arteries, found no evidence of any 
pulmonary lesion. The first child is alive and well and no abnormalities were detected in the 
lungs or heart on clinical examination or by radiography and electrocardiography. The second 
child had died within 24 hours, having been cyanosed at birth: necropsy was not carried out. 
Careful enquiries were made into the medical history of the other members of the family and where 
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possible a general physical examination, screening of the chest and electrocardiography were 
carried out. A comprehensive picture of the family was obtained and this is set out in Fig. 10. 
Among the other ten sibs of our cases there was one brother who, apparently healthy in early 
infancy, died at the age of six months from “cardiac failure” after an illness of two days. In the 
next generation there were twelve children of whom ten are living; three of these children are 
referred to above. Among the others are a brother and sister, the brother has a congenital disloca- 
tion of the hip and the sister hydrocephalus. 


2%.@ 


Fic. 8.—Case 3. Muscular artery, 220u external diameter. Fic. 9.—Case 3. Arteriole 7Ou external diameter, 
Arterial wall of increased thickness, showing crenation showing occlusion by intimal proliferation. x 680. 
of the elastic laminz; compare with media of arteries 
in Fig. 1 and 2. Intimal proliferation. x 340. 


DISCUSSION 


It seems highly probable that these cases of primary pulmonary hypertension were genetic 
in origin. All three patients were victims of an outbreak of diphtheria affecting the whole 
family about sixteen years before their deaths; but we know of nothing that suggests an etiological 
connection between diphtheria and pulmonary hypertension and we think this association was 
fortuitous. It is also extremely unlikely that primary pulmonary hypertension, which is a rare 
disease, would occur by chance in three sibs. 

The familial incidence can be explained on the basis of an inherited congenital defect, but it is 
difficult to pick out a feature that can be regarded as a primary lesion from the complicated picture 
presented by the histology. Special consideration must be given to the occurrence of medial 
thinning in some of the muscular arteries. Evans and his colleagues have found focal thinning of the 
media of the muscular arteries in many cases of pulmonary hypertension. They consider that the 
lesions are foci of congenital hypoplasia of the media and that intimal proliferation occurring in 
their vicinity, as a reparative process, initiates the hypertension (Gilmour and Evans, 1946; Evans, 
1951; Evans et a/., 1957). The medial lesions seen in our cases were similar to those described by 
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b& oo. ie d &s 0 
M F Fic. 10. 
[] _) Healthy: clinical examination, radiography of chest, and electrocardiogram showed no abnormality. 
Y 2) Reported healthy (not examined). The father of the 13 sibs is well and aged 82 years. 
8 ye Died: case of primary pulmonary hypertension. 
oO Died aged 2 weeks: atrial septal defect and congenital absence of the spleen. 


«mm Living but have congenital defects: the boy has congenital dislocation of the hip and the girl hydro- 
Uw ~/ cephalus. No pulmonary or cardiac abnormalities were found in these children on clinical examination, 
and the chest X-rays and electrocardiograms were normal. 


Died. (1) Died aged 22 years, accident. (2) Died aged 22 years, cause unknown. (3) Died aged 
3 weeks with “fits.” (4) Died, aged 6 months, from “cardiac failure.” (5) Twin, died on second 
day. (6) Cyanosed from birth, died on second day. 


Note: The dotted line indicated the relationship of brother to half-sisters. 
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Evans, but they occurred in a relatively small proportion of the total number of muscular arteries 
showing intimal proliferation. We are inclined to think that in our cases medial thinning was the 
result, rather than the cause, of the associated intimal proliferation and represented a degenerative 
change. 

Since we have been unable to satisfy ourselves that there was an anatomical anomaly, we favour 
the inheritance of a defect of function as the explanation of the familial incidence. This may have 
operated by inducing hypertension through an increased tone in the smaller muscular arteries. 
The structural changes observed in the post-mortem material, in particular the intimal proliferation, 
must have played an important part in maintaining the hypertension in the later stages of the 
disease; but all the structural changes seen could have been the secondary effects of a hypertension 
initially of functional origin. Primary pulmonary hypertension can certainly occur without intimal 
proliferation because cases are included in the series of Evans et al. (1957) and Wade and Ball 
(1957) in which arterial narrowing was found to be solely due to generalized contraction of the 
terminal muscular arteries. 

Short (1957) considers that persistence of an increased tone in the smaller muscular arteries 
eventually leads to a state of permanent organic narrowing and indistensibility for which he uses 
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the term arterial contracture. Arterial contracture, as described by Short, was present in at least 
two of our cases and its presence provides supporting evidence for postulating that the hypertension 
arose from increased vascular tone. Arterial contracture was seen in Case | in the occurrence of 
muscular arteries of arteriolar size, and in Case 3 of arteries with marked crenation of the elastic 
lamine and the thickness of the wall increased relative to the diameter. In Case 2, only three 
blocks of lung tissue were available for examination and it was not possible to assess the incidence 
of contracture, but one artery of only 110 external diameter was seen that showed crenated 
elastic lamine and a thickened wall similar to the contracted arteries seen in Case 3 (Fig. 6). 

We believe that the intimal proliferation, which was the most striking structural change seen in 
the pulmonary arteries in all three cases, was the result of thrombosis. In a few areas intimal 
proliferation was clearly due to the organization of thrombus. A thrombotic origin for all the 
intimal proliferation seems probable, for Duguid (1946 and 1954) has shown that where arteries 
are narrowed by fibrous thickening of the intima, thrombosis is the most likely cause. 

Consideration must also be given to the congenital defects that occurred in other members of 
this family. A survey of only twenty-five subjects revealed one proven case of atrial septal defect 
associated with absence of the spleen and two further cases in which death in early infancy might 
have been due to congenital heart lesions. There was also one case of congenital dislocation of the 19 
hip and one case of hydrocephalus. Since hereditary tendencies account for a proportion of con- 


—s cli 
genital lesions, there may have been present in our family a tendency not only for the development re 
of pulmonary hypertension, but also for congenital lesions to occur in the heart and elsewhere. pe 


Reference may be made again to the conception of “congenital pulmonary hypertension” 
developed by Evans and his colleagues. The conception has been extended to include the pul- be 
monary hypertension that sometimes occurs in cases with certain cardiac and pulmonary lesions, 


; m 
for example, mitral stenosis, atrial septal defect, and emphysema (Evans, 1951; Evans and Short, 
1957). When hypertension occurs in these cases, they postulate that it does so because of the en 
presence, in addition to the associated lesion, of a congenital defect in the pulmonary vascular ra 
system. Evans considers that this congenital defect is medial hypoplasia, but his general con- isi 
ception remains valid even if it is thought the hypertension occurs as a result of a constitutional 
abnormality of function rather than an anatomical defect. pe 
pl 
SUMMARY AND CONCLUSIONS ‘a 
The clinical and pathological findings in three sibs who died from primary pulmonary hyper- hi 
tension are described. it’ 
It is considered that the disease was genetic in origin and the manner in which the genetic defect Oo 
may have operated is discussed. al 
As well as to those mentioned in the text, we are greatly indebted to Dr. William Evans for advice and criticism, “ 
and to Dr. G. F. Walker for examining three members of the family resident in Peterborough. We also wish to p 
thank Mr. P. Matthews and Mr. S. L. Shaw for technical assistance and Mr. S. Taylor for technical assistance tl 
and for the photomicrographs. fi 
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Post-partum heart disease has been described by several authors (Gouley et a/., 1937; Hull et al., 
1937, 1938; Lindeboom, 1950; Melvin, 1947) as a well-defined condition, exhibiting a uniform 
clinical picture, due to several possible etiological factors, many of which are often difficult to 
recognize. Notwithstanding these studies, the problem of heart failure occurring in the puerperal 
period in the absence of pre-existent cardiac disease is still far from being clear. The initial signs 
of decompensation usually appear during the last weeks of pregnancy and are often so slight as to 
be misinterpreted; they decrease immediately after delivery, often to reappear subsequently in a 
much more severe degree. 

It is our opinion, based upon a series of 18 cases, most of which were followed throughout their 
entire clinical course, that this condition is not a specific or characteristic clinical syndrome, but is 
rather the result of multiple factors leading to cardiac failure. The presence of certain character- 
istics have enabled us to classify these cases into several groups. 

Although the first cases of myocardial degeneration occurring during pregnancy and the puer- 
perium were described in the last century (Porak, 1880; Virchow, 1870), and although a number were 
published in the earlier part of this century, emphasizing the importance of cardiac disease occurring 
in late pregnancy or in the puerperium (Blacker, 1907; Campbell, 1923), it was the work of Hull and 
his associates (1937, 1938) that suggested the existence of a well defined clinical entity and described 
its diagnostic features. These authors emphasized the favourable prognosis and the frequent 
occurrence of arterial hypertension, possibly related to a previous pregnancy or puerperium; they 
also found that embolism was common: two etiological factors mentioned were, pregnancy 
toxemia and puerperal glomerulo-nephritis, both of which may cause a rapid elevation of the blood 
pressure. Another important contribution to this subject, published almost simultaneously, was 
the interesting paper by Gouley ef al. (1937) describing 7 instances of advanced puerperal heart 
failure, with 4 deaths, mostly due to embolism from mural thrombi. The myocardial lesions 
differed considerably from the usual pathological findings in heart failure, showing great variation 
of distribution throughout the cardiac tissues. These authors thought that several factors were 
involved in such cases, and although the puerperal factors were mainly responsible, they em- 
phasized the importance of pre-existing cardiac damage. Subsequently, a number of papers were 
published concerning the cardiac complications of pregnancy toxemia (Benchimol ef al., 1949; 
Dexter and Weiss, 1941; Reich, 1954; Szekely and Smith, 1947; Teel et a/., 1937; Wallace et al., 1946), 
pointing out the clinical and pathological significance of these findings. 

Some cases develop heart failure post partum (Benchimol ef al., 1949; Teel et al., 1937), 
whereas others show nothing but electrocardiographic abnormalities suggesting myocardial damage, 
not necessarily related to the clinical syndrome (Benchimol et al., 1949; Dexter and Weiss, 1941; 
Wallace et al., 1946). 

It has been implied (Szekely et al., 1947; Wallace et al., 1946), that these findings could explain 
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certain cases of post-partum heart failure of obscure etiology, in the absence of obvious signs of 
toxemia. The problem of acute glomerulo-nephritis was discussed in relation to this condition 
(Musser et al., 1938; Sodeman, 1940) and led to a classification of the post-partum circulatory syn- 
dromes into a nephritic and a non-nephritic group. The more recent publications on this subject 
refer either to isolated cases described as post-partum myocardosis (Woolford, 1952) or post- 
partal heart failure (Faerchtein et a/., 1955) due to a non-specific myocardial degeneration, or to 
larger series of cases such as that of Melvin (1947), confirming the clinical syndrome described by 
Hull and his associates (1937; 1938). 

It appears that the relationship of post-partum heart disease to arterial hypertension and to 
toxemia of pregnancy cannot be precisely defined at the present time, and that the exact etiology 
remains obscure in the majority of cases. More recently the existence of this condition has been 
seriously questioned by those who claim it is coincidental with the puerperal period (Bashour et ai., 
1954). We believe that the concept of post-partum heart disease is based upon a close relation- 
ship of the cardiac lesion to certain factors in late pregnancy and the puerperium, notwithstanding 
the variability of these factors and the difficulty of recognizing them in many cases. 

We have attempted to classify post-partal heart disease in five groups according to the etiologi- 
cal factors involved, as follows. 


1. Cases that are undoubtedly related to toxemia of pregnancy. 

2. Cases that are probably related to toxemia of pregnancy. 

3. Cases that are due to non-specific myocarditis. 

4. Cases with pre-existing hypertensive heart disease (due to essential hypertension, chronic pyelone- 
phritis, glomerulo-nephritis, etc.). 

5. Specific myocarditis, difficult to identify from the clinical standpoint, and usually requiring 
pathological data for a correct diagnosis. 


The above classification represents an attempt to harmonize the divergent opinions that have 
raised much discussion among those who have studied this problem. We realize that it is far 
from satisfactory: at the present time, however, it seems to be useful from a practical standpoint. 
We have excluded all cases with previous heart disease excepting those due to hypertension, which 
constitute group 4. This was thought advisable, because arterial hypertension is one of the impor- 
tant predisposing factors in pregnancy toxemia, which plays an important role in post-partum heart 
disease. On the other hand, it is often difficult to ascertain post partum, whether or not the 
elevated blood pressure is related to pre-existing hypertension. Thus, we prefer to consider 
all hypertensive cases that decompensate after delivery as post-partum heart disease, realizing how- 
ever that we may be including some cases of chronic hypertensive heart disease, who develop cardiac 
failure coincidentally during the puerperal period. 


PUERPERAL FACTORS THAT MAY CONTRIBUTE TO POST-PARTUM HEART FAILURE 


In addition to the well-known hemodynamic changes that occur during pregnancy and persist 
until shortly after delivery, other factors inherent in the puerperal period may also play an important 
role. It is known that the early puerperium is a critical period for the cardiac patient; there is a 
high incidence of heart failure and of cardiac deaths at this time as pointed out by Mackenzie (1921), 
and later confirmed by other authors (Hamilton ef a/., 1941; Hoffman et a/., 1942). Recent studies 
show that the circulatory strain due to the hemodynamic changes of pregnancy is maintained for 
several weeks after delivery, and although usually slight, the presence of hypervolemia, for instance, 
has been demonstrated in the second week of the puerperium. 

On the other hand, labour itself may precipitate circulatory failure (Mendelson et al., 1942; 
Pardee et al., 1941; Sampson et al., 1945) which may occur after delivery (Gorenberg et al., 1941; 
Mendelson, 1944), possibly due to the sudden closure of a large arterio-venous shunt caused by the 
placental circulation (Burwell et a/., 1937; 1938). It thus appears that the circulatory abnormalities 
of pregnancy do not disappear immediately after delivery, and that the maternal organism is sub- 
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jected to considerable stress as a result of the sudden emptying of the uterus, the elimination of the 
placenta, and the abrupt removal of the feetal circulation. 

Brown et al. (1947), in a study of the circulatory abnormalities that appear during and after 
labour, observed that the changes in heart rate, blood pressure, vital capacity, and circulation time 
were not sufficiently conclusive to be attributed solely to pregnancy or to the puerperium. With 
reference to the venous pressure changes, several investigations have been made in pregnant 
patients (Burwell et al., 1937; Dellepiane, 1927; Luisi, 1938; McLennan, 1943), and revealed 
variable degrees of venous hypertension in the first 24 hours after delivery. This may be the result 
of several combined factors such as the effect of drugs, increase of venous return to the heart due to 
muscular effort, and increase of peripheral vascular resistance following closure of the circulatory 
shunt. These factors could conceivably precipitate heart failure in patients with a limited 
functional capacity. Hypervolemia with secondary hemodilution observed during the first week 
after delivery (Albers, 1939; Brown ef al., 1947; Crawford, 1940), probably represent contributory 
factors in heart failure that develops in patients with or without previous cardiac disease. 

In addition to the influence-of the above-mentioned hemodynamic changes, a number of other 
puerperal conditions may act as precipitating factors of post-partum heart failure, such as obstetrical 
hemorrhages, puerperal infections, thrombo-embolic phenomena, shock, and other minor conditions 
such as anemia, hypoproteinemia, and vitamin deficiencies. Under special circumstances some of 
these factors may be outstanding and may play the major role in cardiac decompensation; but this 
is rarely observed, and when it does occur is easily recognized as such. We believe therefore that 
they do not merit a special group in our classification. One of our cases was interesting in this 
respect, since the presence of severe nutritional megaloblastic anemia associated with hypopro- 
teinemia were the main factors responsible for post-partum heart failure. 


POST-PARTUM HEART FAILURE DUE TO TOXAMIA OF PREGNANCY 


Eight patients of our series had pregnancy toxemia and we believe that it was the main cause of 
cardiac involvement. In some cases, the clinical signs of heart disease appeared prior to delivery, 
but even so, there was aggravation either of the heart failure or of the electrocardiographic 
changes or of both, during the puerperal period. Although there are very few studies concerning 
the incidence of myocardial changes in toxemia of pregnancy, it is apparent that cardiac damage 
occurs under these circumstances because advanced cases show orthopneea, cardiac asthma, and acute 
pulmonary oedema (Moore et al., 1927; Reid et a/., 1939; Szekely et al., 1947; Teel et al., 1937). 
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Fic. 1.—Teleradiograms of the heart of a 29-year-old primipara. The initial X-ray taken two days after 
delivery shows much enlargement with pulmonary congestion and bilateral pleural effusion. Twenty 
days later the heart shadow is considerably decreased and the lung fields are normal. Five years later the 
heart size is normal. In 1950 and 1951 she had two normal pregnancies. 
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Fic. 2.—From the same case as Fig. 1. Serial cradiograms (leads 1, 2, 3, V4, 5, and 6), showing low voltage, 
primary T wave changes, and left ventricular enlargement. The T waves become progressively more 
inverted. Subsequently the tracing becomes normal. The period of the greatest electrocardiographic 
changes did not coincide with the most serious clinical phase. 


Serial electrocardiographic (Benchimol et al., 1949; Szekely et a/., 1947; Wallace et al., 1946), 
and post-mortem studies (Gouley ef a/., 1937; Hull et a/., 1937; Teel et a/., 1937) during pregnancy 
and the puerperal period in toxemia reveal the importance of myocardial involvement, which occurs 
frequently and often results in advanced cardiac insufficiency. Among the eight patients of this 
group, there were two who showed that toxemia of pregnancy may be responsible for severe puer- 
peral heart failure with radiological and electrocardiographic abnormalities. Although we did 
not study these patients during the latter part of pregnancy; (they were in hospital in the puer- 
perium), toxemia of pregnancy was recognized by the presence of cedema and headache during the 
last weeks of pregnancy. The diagnosis was confirmed by the presence of severe angiospastic 
retinopathy and hypertension on admission, with the exception of one case with a normal blood 
pressure (100/80) throughout the second half of pregnancy. The fall of blood pressure to normal and 
the complete disappearance of the ophthalmoscopic abnormalities, confirmed the diagnosis of 
toxemia, and excluded pre-existing arterial hypertension. In one of these patients the signs of 
heart failure were present in the last weeks of pregnancy and improved considerably following 
delivery, but reappeared a fortnight later in a more severe form. In the other case, however, the 
circulatory changes were already present on the sixth day of the puerperium and developed rapidly, 
culminating in severe dyspnea and orthopnea. The chest radiograms (Fig. 1) showed a great 
increase in heart size, with hilar and peripheral congestion in addition to bilateral pleural effusion. 
Subsequently, there was a rapid reduction in heart size and improvement in pulmonary congestion. 


The electrocardiographic abnormalities (Fig. 2 and 3) were significant, particularly in this case (Fig. 2) in 
which there was a suggestion of anterior wall infarction in the chest leads, including high precordial levels, 
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as was previously described by Wallace er al. (1946). The usual electrocardiographic changes observed 
were flattened T waves, which occasionally became inverted in leads I, II, and aVL, and over the left pre- 
cordium. The progressive changes in the serial tracings returned to normal after several weeks, although in 
afew cases the cardiographic abnormalities increased in the course of clinical improvement. Thus, in one case 
(Fig. 2) the T wave changes were still present on June 24, 1948, notwithstanding the patient’s excellent cardiac 
condition at that time; this was also observed in another patient who showed maximal electrocardiographic 
abnormalties at the time of clinical improvement. 
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Fic. 3.—The electrocardiogram of a 40-year-old negress. Following clinical improvement, the T 
waves become inverted. Four years later the tracing is almost normal. 


The course and prognosis of these cases were favourable in view of the excellent clinical response 
following a two to four week period, after which there was no further evidence of heart failure. 
One of these patients had two subsequent pregnancies without complication, and when she was last 
seen six years later, there were no cardiovascular abnormalities, from the clinical, cardiographic, 
or roentgenologic standpoints. In the differential diagnosis of post-partum heart disease, the follow- 
ing conditions should be considered: acute glomerulo-nephritis, myocardial infarction, and the 
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Fic. 4.—Radiograms of a 34-year-old negress who gave birth to a premature stillborn infant, and one 
month later developed congestive heart failure. The blood pressure varied from 170/120 to 120/90. 
After several pulmonary infarcts, death occurred seven months later. Radiograms show cardiac 
enlargement with right auricular dilatation; pulmonary infarction is seen in the second X-ray. 


non-specific forms of myocarditis. The following points are important in differential diagnosis 
of glomerulonephritis and post-partum heart disease resulting from toxemia. 

Glomerulo-nephritis is extremely rare in the course of pregnancy (Tillman, 1951), and usually appears in 
the early stages, almost invariably before the 24th week; this is considered by many authors as a very impor- 
tant distinguishing feature from toxemia of pregnancy. Other points are the absence of significant hematuria 
and nitrogen retention in toxemia of pregnancy: the extremely unfavourable course of glomerulo-nephritis in 
the course of pregnancy: and the favourable prognosis observed in all our cases, none of which followed 
a chronic course, whereas this is the rule in cases of glomerulo-nephritis. 

With respect to myocardial infarction, the electrocardiographic abnormalities were often sugges- 
tive of this condition; however, the diagnosis of coronary disease was ruled out in view of the 
patient’s age, the absence of pain, the rapid and complete return to normal of the cardiogram, 
as well as the absence of blood pressure changes and other characteristic signs of acute coronary 
occlusion. The distinguishing features from non-specific myocarditis are the following: absence of 
a prolonged infection, absence of muffled heart sounds or abnormal rhythms, and the presence of 
hypertension and other evidence of toxemia of pregnancy. 

Our remaining six cases of post-partum heart disease due to toxemia of pregnancy did not com- 
pletely conform with the clinical picture we have described. Notwithstanding the absence of several 
typical features such as heart failure after delivery, most cases showed other signs such as 
electrocardiographic changes, with associated fundoscopic changes, all of which, including arterial 
hypertension, disappeared completely in a relatively short period of time. The influence of other 
associated etiological factors, such as hemorrhage and obstetrical shock, nutritional deficiencies, 
pulmonary embolism, etc., as a cause of cardiac involvement, was demonstrated in two cases, both 
of which developed heart failure after delivery. 


POST-PARTUM HEART FAILURE POSSIBLY RELATED TO TOXAMIA OF PREGNANCY 


Toxemia of pregnancy was considered the probable cause of cardiac disease in three cases 
that closely resembled the type of post-partum heart disease generally described in other 
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reports (Gouley et al., 1937; Hull et al., 1937, 1938; Melvin, 1947; Musser et al., 1938). Heart 
failure usually develops or is at least aggravated in the late puerperium (2 to 6 weeks after 
delivery). The clinical course is prolonged in most instances: embolic phenomena often occur, as 
well as a moderate and irregular elevation of the blood pressure. Response to routine treatment 
for heart failure is slow although eventually it becomes effective. The electrocardiographic changes 





Fic. 5.—Heart from the negress referred to in Fig. 4. Above, the left ventricle with an 
organized thrombus adherent to the endocardium and with a local thinning of the heart 
at this point. The lower figure shows much of fibrosis in the interventricular septum. 
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are non-progressive and do not disappear rapidly. They are usually represented by T wave and 
S-T segment abnormalities, as well as signs of left ventricular hypertrophy. Cardiac enlargement is 
always present, and often great (Fig. 4). A unilateral elevation of the diaphragm associated with 
pleural effusion suggests the occurrence of pulmonary infarction. Repeated sub-pleural pulmonary 
infarcts may lead to extensive fibrothorax. There were two fatal cases. One came to necropsy and 
revealed an organized mural thrombus adherent to the apical wall of the left ventricle, in addition 
to extensive myocardial fibrosis (Fig. 5): the coronary arteries were normal and patent throughout, 
and the thoracic aorta showed mild atherosclerosis. In our opinion toxemia of pregnancy probably 
played an important role in this group of patients, all of whom had suggestive symptoms in the last 
months of pregnancy, and two of whom had in addition arterial hypertension. 

The fact that we have observed cases of toxemia, in which the electrocardiographic and ophthal- 
moscopic changes become more severe after delivery, affords evidence as to the possible persistence 
of toxemic factors after delivery (Hull et a/., 1937; Szekely et al., 1947). We believe however, 
that the hypertensive toxemias of pregnancy are not solely responsible for these cases of post-partum 
heart disease, although other etiological factors are not readily recognized. The following factors 
were ruled out in these patients: pre-existent arterial hypertension, vitamin deficiencies, and non- 
specific myocarditis. 


POST-PARTUM HEART DISEASE DUE TO NON-SPECIFIC MYOCARDITIS 


Two cases of our series exhibited fever, a rapid sedimentation rate, and leukocytosis, in the ab- 
sence of any suggestive signs of toxemia of pregnancy. In these patients with advanced congestive 
heart failure, progressive electrocardiographic abnormalities, and reversible radiological changes, 
the diagnosis of non-specific myocarditis of unknown etiology was suggested, associated with other 
factors of minor clinical importance such as hemorrhage and nutritional deficiency. Cardiac 
enlargement, bilateral pleural effusion, and pulmonary congestion were present but reverted to 
normal after several weeks (Fig. 6). The electrocardiogram revealed primary T wave changes, 
which subsequently became normal in configuration (Fig. 7). In both cases the clinical course was 
favourable, and at the end of a few weeks no cardiovascular abnormalities could be demonstrated. 
In these two patients, thiamin deficiency was suggested among the possible causes of heart disease, in 
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Fic. 6.—From a 33-year-old negress. Twelve days after delivery signs of left ventricular failure developed. 
The cardiac condition deteriorated and signs of congestive failure, without hypertension, developed and 
responded to digitalis. The initial roentgenogram shows enlargement of the heart, pulmonary congestion, 
and bilateral plueral effusion. Six weeks later there was considerable improvement in X-ray signs. 
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Fic. 7.—From the same case as Fig. 6. Serial cardiograms, showing signs of left ventricular 
hypertrophy and T wave invesion which become progressively normal. 


view of a history of chronic alcoholism, and the presence of polyneuritis in one case, and a nutritional 
deficiency in the other. However, this diagnosis was subsequently ruled out, at least as the sole 
causal factor, since heart failure did not occur during pregnancy, when the thiamine requirements 
are increased: there was no therapeutic effect of vitamin Bl, but there was an excellent response 
to digitalis. We believe that this group of cases corresponds to non-specific myocarditis, frequently 
observed in the course of several types of infection, and often associated with thiamine deficiency. 
From the practical point of view, these two cases demonstrate the possibility of apparently un- 
important infections causing myocardial lesions that lead to severe heart failure in the puerperal 
period, with obvious therapeutic and prophylactic implications. 


POST-PARTUM HEART FAILURE IN PATIENTS WITH HYPERTENSIVE HEART DISEASE 


In several reports on the clinical course of essential hypertension, glomerulo-nephritis, and pyelo- 
nephritis during pregnancy (Dexter et al., 1941; Dieckman et al., 1952; Fishberg, 1954; Page et al., 


1938; Tillman, 1951) it has been suggested that these conditions are often responsible for cardiac 
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decompensation occurring after delivery. It is apparent that patients with hypertensive heart 
disease may develop heart failure during the puerperal period, due to hemodynamic changes that 
overload the heart and other unknown precipitating factors. Glomerulo-nephritis is a rare occur- 
rence in these patients, since it usually leads to interruption of pregnancy or renal failure. How- 
ever, when glomerulonephritis occurs in the early puerperium, it may be a causal factor of post- 
partum heart failure (Musser et a/., 1938). 

The importance of pyelonephritis is limited to chronic cases, since the acute forms are usually 
benign and rarely influence the course of pregnancy. Chronic cases, which frequently cause hyper- 
tensive disease during pregnancy, are probably responsible for the so-called “‘nephritis toxemias” 
formerly attributed to chronic glomerulonephritis (Fishberg, 1954). It is important to know that 
arterial hypertension and renal insufficiency are usually late manifestations of this disease, and 
once it reaches this stage, it is practically irreversible although the urinary infection may be tempo- 
rarily controlled. The disease may thus be prolonged for many years, with periods of remission 
and exacerbation. Cardiac failure may supervene, not only from long-standing arterial hyper- 
tension, but also from acute exacerbations of the renal condition, aggravating the hypertension. 

The late stages of pregnancy undoubtedly predispose to stasis and infection of the urinary tract, 
tending to aggravate a chronic pyelonephritis which often culminates in heart failure. Although 
this may occur at the end of pregnancy, the full picture often appears only after delivery. 

In our series of post-partum heart failure, there are two instances of chronic pyelonephritis with 
hypertension and heart failure occurring in the puerperal period. It is our impression that this 
renal condition is actually the most important cause of hypertensive heart disease in pregnancy, 
since glomerulo-nephritis usually leads to renal failure, and essential hypertension is well tolerated 
during pregnancy only in its milder forms. In the more severe cases, pregnancy seldom follows its 
normal course, since there is usually an aggravation of the pre-existent hypertension, and when heart 
failure occurs, it usually appears during pregnancy, as we have often observed (Benchimol and 
Carneiro, 1949). We have never seen cases of pre-existing hypertension, either of the essential 
type or due to glomerulonephritis, that have developed heart failure after delivery. 


POST-PARTUM HEART FAILURE DUE TO SPECIFIC MYOCARDITIS 


Specific types of myocarditis should be included in this classification as one of the possible 
causes of post-partum heart disease, since it is usually difficult to determine the exact nature of the 
cardiac condition before death, and also because the clinical picture often resembles the non-specific 
myocarditis related to the puerperal infections. 

We have had the opportunity of studying two cases of specific myocarditis, leading to post-partum 
heart failure, both of which were confirmed at necropsy. One patient, correctly diagnosed as a 
chronic myocarditis due to Chagas’ disease, decompensated during pregnancy but continued in 
heart failure until her death which occurred two months after delivery: this case was previously 
published (Benchimol et a/., 1954), and was not included in our present observations. The cause of 
our second case was difficult to recognize, since the clinical picture, the electrocardiogram, and 
the radological aspects closely resembled those of the non-specific myocarditis due to puerperal 
infections. However, the nature of the myocardial lesion was determined at necropsy by the 
demonstration of a rare type of miliary tuberculous myocarditis (Fig. 8). It is obvious that once the 
specific nature of the myocarditis is established, it should not be included in the classification of 
post-partum heart disease, since under these circumstances, heart failure results primarily from the 
myocardial condition itself, and is not due to any factor related to the puerperium. 

We believe therefore, that this group of cases should be included in our classification only when 
the precise etiology of the myocarditis is difficult to ascertain. We have described this group of 
patients, merely to emphasize certain practical aspects of the problem concerned with etiology and 
differential diagnosis. 
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Fic. 8.—Myocardium of a 36-year-old negress, showing a central area of calcification 
and an intense infiltration of epithelioid and lymphocytic cells, characterizing 
tuberculous involvement of the myocardium. 


SUMMARY AND CONCLUSIONS 


Post-partum heart disease is not a well-defined condition with a uniform clinical picture. Evidence 
from the present series suggests that a number of etiological factors may play a role, some of them 
probably related to pregnancy, w icreas others are more directly concerned with the puerperium. 
The following classification of post-partal heart disease is proposed. 


I. Cases undoubtedly due to toxemia of pregnancy. 

II. Cases probably related to toxemia of pregnancy. 

Ill. Cases related to non-specific myocarditis. 

IV. Cases with pre-existing hypertensive heart disease (essential hypertension, chronic 
pyelonephritis, glomerulonephritis, etc. 

V. Cases corresponding to specific myocarditis, difficult to identify, and often requiring 
pathological confirmation. 

In addition to the influence of the hemodynamic changes observed during pregnancy and the 
puerperium, several factors occurring after delivery may act as associated or precipitating causes 
of heart failure. Among these, the most important are anemia aggravated by obstetrical hemor- 
rhage, puerperal infection, thrombo-embolic phenomena, shock, and other less important conditions. 

Toxzmia of pregnancy was present in 8 cases of this series, and was believed to be the main cause 
of cardiac involvement. In some cases heart disease appeared before delivery, but it was always 
aggravated during the puerperium. The course and prognosis were most favourable in these cases, 
for after 2 to 4 weeks, all the manifestations of heart failure had disappeared as well as other 
evidence of cardiovascular disease. In two cases, other etiological factors could be demonstrated. 

Toxemia of pregnancy was considered as the probable etiological factor of cardiac involve- 
ment in 3 cases which resembled the type of post-partal heart disease previously described, 
where the initial manifestations occur late in the puerperium, the clinical course is prolonged and 
usually complicated by embolic phenomena, in addition to a moderate and irregular elevation of 
the blood pressure. The electrocardiographic changes are non-progessive, and do not tend to 
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decompensation occurring after delivery. It is apparent that patients with hypertensive heart 
disease may develop heart failure during the puerperal period, due to hemodynamic changes that 
overload the heart and other unknown precipitating factors. Glomerulo-nephritis is a rare occur- 
rence in these patients, since it usually leads to interruption of pregnancy or renal failure. How- 
ever, when glomerulonephritis occurs in the early puerperium, it may be a causal factor of post- 
partum heart failure (Musser et al., 1938). 

The importance of pyelonephritis is limited to chronic cases, since the acute forms are usually 
benign and rarely influence the course of pregnancy. Chronic cases, which frequently cause hyper- 
tensive disease during pregnancy, are probably responsible for the so-called “‘ nephritis toxemias” 
formerly attributed to chronic glomerulonephritis (Fishberg, 1954). It is important to know that 
arterial hypertension and renal insufficiency are usually late manifestations of this disease, and 
once it reaches this stage, it is practically irreversible although the urinary infection may be tempo- 
rarily controlled. The disease may thus be prolonged for many years, with periods of remission 
and exacerbation. Cardiac failure may supervene, not only from long-standing arterial hyper- 
tension, but also from acute exacerbations of the renal condition, aggravating the hypertension. 

The late stages of pregnancy undoubtedly predispose to stasis and infection of the urinary tract, 
tending to aggravate a chronic pyelonephritis which often culminates in heart failure. Although 
this may occur at the end of pregnancy, the full picture often appears only after delivery. 

In our series of post-partum heart failure, there are two instances of chronic pyelonephritis with 
hypertension and heart failure occurring in the puerperal period. It is our impression that this 
renal condition is actually the most important cause of hypertensive heart disease in pregnancy, 
since glomerulo-nephritis usually leads to renal failure, and essential hypertension is well tolerated 
during pregnancy only in its milder forms. In the more severe cases, pregnancy seldom follows its 
normal course, since there is usually an aggravation of the pre-existent hypertension, and when heart 
failure occurs, it usually appears during pregnancy, as we have often observed (Benchimol and 
Carneiro, 1949). We have never seen cases of pre-existing hypertension, either of the essential 
type or due to glomerulonephritis, that have developed heart failure after delivery. 


POST-PARTUM HEART FAILURE DUE TO SPECIFIC MYOCARDITIS 


Specific types of myocarditis should be included in this classification as one of the possible 
causes of post-partum heart disease, since it is usually difficult to determine the exact nature of the 
cardiac condition before death, and also because the clinical picture often resembles the non-specific 
myocarditis related to the puerperal infections. 

We have had the opportunity of studying two cases of specific myocarditis, leading to post-partum 
heart failure, both of which were confirmed at necropsy. One patient, correctly diagnosed as a 
chronic myocarditis due to Chagas’ disease, decompensated during pregnancy but continued in 
heart failure until her death which occurred two months after delivery: this case was previously 
published (Benchimol et a/., 1954), and was not included in our present observations. The cause of 
our second case was difficult to recognize, since the clinical picture, the electrocardiogram, and 
the radological aspects closely resembled those of the non-specific myocarditis due to puerperal 
infections. However, the nature of the myocardial lesion was determined at necropsy by the 
demonstration of a rare type of miliary tuberculous myocarditis (Fig. 8). It is obvious that once the 
specific nature of the myocarditis is established, it should not be included in the classification of 
post-partum heart disease, since under these circumstances, heart failure results primarily from the 
myocardial condition itself, and is not due to any factor related to the puerperium. 

We believe therefore, that this group of cases should be included in our classification only when 
the precise etiology of the myocarditis is difficult to ascertain. We have described this group of 
patients, merely to emphasize certain practical aspects of the problem concerned with etiology and 
differential diagnosis. 
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Fic. 8.—Myocardium of a 36-year-old negress, showing a central area of calcification 
and an intense infiltration of epithelioid and lymphocytic cells, characterizing 
tuberculous involvement of the myocardium. 


SUMMARY AND CONCLUSIONS 


Post-partum heart disease is not a well-defined condition with a uniform clinical picture. Evidence 
from the present series suggests that a number of etiological factors may play a role, some of them 
probably related to pregnancy, whereas others are more directly concerned with the puerperium. 
The following classification of post-partal heart disease is proposed. 


I. Cases undoubtedly due to toxemia of pregnancy. 

II. Cases probably related to toxemia of pregnancy. 

III. Cases related to non-specific myocarditis. 

IV. Cases with pre-existing hypertensive heart disease (essential hypertension, chronic 
pyelonephritis, glomerulonephritis, etc. 

V. Cases corresponding to specific myocarditis, difficult to identify, and often requiring 
pathological confirmation. 

In addition to the influence of the hemodynamic changes observed during pregnancy and the 
puerperium, several factors occurring after delivery may act as associated or precipitating causes 
of heart failure. Among these, the most important are anemia aggravated by obstetrical hemor- 
rhage, puerperal infection, thrombo-embolic phenomena, shock, and other less important conditions. 

Toxemia of pregnancy was present in 8 cases of this series, and was believed to be the main cause 
of cardiac involvement. In some cases heart disease appeared before delivery, but it was always 
aggravated during the puerperium. The course and prognosis were most favourable in these cases, 
for after 2 to 4 weeks, all the manifestations of heart failure had disappeared as well as other 
evidence of cardiovascular disease. In two cases, other etiological factors could be demonstrated. 

Toxemia of pregnancy was considered as the probable etiological factor of cardiac involve- 
ment in 3 cases which resembled the type of post-partal heart disease previously described, 
where the initial manifestations occur late in the puerperium, the clinical course is prolonged and 
usually complicated by embolic phenomena, in addition to a moderate and irregular elevation of 
the blood pressure. The electrocardiographic changes are non-progessive, and do not tend to 
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disappear rapidly, and cardiac enlargement is always demonstrable radiologically. Two of these 
cases came to necropsy, and one of them showed myocardial fibrosis and mural thrombosis. 

Two patients had advanced congestive heart failure occurring during the puerperium, and 
subsequently improved. A diagnosis of non-specific myocarditis of unknown etiology was made. 

Hypertensive cardiovascular disease occasionally shows deterioration and heart failure, not only 
during pregnancy but also in the puerperal period, leading to post-partum heart disease complicated 
or precipitated by other additional etiologic factors. In this series, there were two cases of chronic 
pyelonephritis with hypertension and heart failure after parturition. 

Specific myocarditis should be included among the determing factors of post-partum heart 
disease, in view of the fact that the cause is often difficult to recognize in life, and such cases closely 
resemble the non-specific myocarditis related to the puerperal infections. Pathological investigation 
may demonstrate the etiology and the specific nature of the condition as in one case of tuberculous 
myocarditis, which was unrecognized clinically but was diagnosed at necropsy. It is obvious that 
once the specific nature of the myocardial condition is established, it should not be regarded as a 
puerperal cardiopathy. 
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Congenital diverticula of the ventricles are rare and Skapinker (1951) was able to collect only 
twelve reported cases. In most of these, as in Skapinker’s own patient, the diverticulum arose 
from the left ventricle but in two it communicated with both ventricles. Skapinker resected the 
diverticulum in his case, an operation that had previously been reported only once (Roessler, 1944), 
but further cases treated in this way have since been reported by Potts et a/. (1953) and Bailey (1955). 
Other recent reports are by Formijne (1950), Snellen et a/. (1952), and Parsons (1957). 

Included in the following description of a patient, in whom surgical resection was successfully 
undertaken, are electrocardiographic and manometric observations not hitherto recorded. The 
latter are possibly relevant to the mechanism of rupture of such diverticula, an accident known to 
have been the cause of death in at least three of the published cases. 


CASE REPORT 


The patient, an eight-year-old girl, was referred for surgical treatment of a pulsatile epigastric mass which, 
because of its superficial position, was considered to be a potential threat to her in the event of trauma. The 
pulsation had been present at birth and was at that time associated with an umbilical hernia. When she 
was one year old the hernia had been repaired, the surgeon noting what he took to be an anomalous artery 
passing up from the epigastrium to disappear under the right costal margin. Visible epigastric pulsation 
had since persisted without change and without related symptoms. In addition cyanotic congenital heart 
disease with isolated dextrocardia had been recognized in the neonatal period and the patient had had non- 
progressive slight cyanosis and impairment of effort tolerance throughout her life. At the age of eight she 
was able to run no further than thirty yards. She did not squat and there had been no attacks of severe 
cyanosis or unconsciousness. The family history and history relating to the maternal pregnancy revealed 
no unusual features. 

Examination showed a thin girl, rather small for her age, with slight central cyanosis and finger clubbing. 
Physical findings relating to the heart argued for pulmonary hypertension rather than pulmonary stenosis 
as the cause of shunt reversal; and these, together with the radiographic demonstration of isolated dextro- 
cardia with a left-sided aortic arch and pulmonary vascularity verging on the upper limit of normal (Fig. 1) 
and the electrocardiogram, consistent in this context with right ventricular hypertrophy (Fig. 4), pointed to a 
clinical diagnosis of the Eisenmenger complex with dextrocardia. This was supported by the results of 
cardiac catheterization which included a pulmonary arterial pressure of 112/64 mm. Hg, reduction of 
brachial arterial oxygen saturation to 88 per cent, and a rise in oxygen saturation from 65 per cent in the 
superior vena cava and right atrium to 70 per cent in the right ventricle and pulmonary artery. 

In the epigastrium there was a pulsatile structure which extended upwards from just above the umbilicus 
to pass under the right costal margin a little to the right of the midline (Fig. 2). The epigastric pulse was 
slightly delayed as compared to the apex beat, but preceded the carotid arterial pulse by a clinically appre- 
ciable interval which was shown by graphic recording to be approximately 0-08 of a second. Over it there 
was a loud to-and-fro murmur and thrill, and firm pressure on the pulsation just below the costal margin 
caused this to disappear (Fig. 3) although the pulse below was not appreciably altered. Leads taken with the 
exploring electrode over the pulsation revealed bizarre patterns consistent with the passage of a wave of 
excitation in a caudal direction after activation of the main ventricular mass and with subsequent repolariza- 
tion (Fig. 5); and in the routine electrocardiogram (Fig. 4) S-T segments were distorted by these late 
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Fic. 1.—Teleradiogram of the heart, showing an isolated Fic. 2.—Photograph of the abdomen, showing 


dextrocardia and unusual heart contours. Pulmonary the epigastric mass extending down almost to 
vascularity seemed about the upper limit of normal. theumbilicus and the scar of the earlier repair 
Fluoroscopy confirmed that the aortic arch was left of umbilical hernia. 


sided, and excessive hilar pulsation was not seen. 













































































Fic. 3.—Epigastric phonocardiogram, showing abolition of the to-and-fro murmur by pressure over the pulsa- 
tion at the costal margin. The first component of this murmur begins with the first heart sound and 
diminishes abruptly before the completion of ventricular systole. The second, in effect a diverticular 

systolic murmur, begins before the second heart sound and continues into early diastole. 
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Fic. 4.—The electrocardiogram. The polarity of the P Fic. 5.—V leads from upper and lower epigastrium 


waves argues for a normally sited pacemaker. recorded simultaneously with V4R, (A) before 
Ventricular complexes are consistent with moderate and (B) after surgery. After activation of the 
hypertrophy of a right ventricle situated behind and main ventricular mass a wave of activation 
to the right of the left ventricle. S-T segments are passes down the diverticulum from base to tip 
deformed by deflections, positive in leads II, III, and and is followed by a repolarization wave of 
VF, but negative in VR, VL, and left precordial opposite polarity. 

leads, which originate in the diverticulum (see text 

and Fig. 5). 


potentials. Pressure records obtained by direct puncture of the pulsating structure revealed a ventricular wave 
form but the systolic pressure of 176 mm. Hg was approximately double that shown in a femoral arterial 
tracing taken immediately afterwards, and this relationship to systemic pressure was subsequently confirmed 
at operation (Fig. 6). The oxygen saturation of blood samples withdrawn simultaneously from these two 
sites was 88 per cent in each instance. Further confirmation of the diagnosis of diverticulum of the left 
ventricle was obtained by contrast radiography (Fig. 7). 
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Fic. 6.—Pressures obtained at operation by simultaneous direct puncture of left ventricle 
and diverticulum and recorded in rapid sequence by means of a three-way connection. 
Direct tracings at this time showed a pressure of 112/70 mm. Hg. in the radial artery. 


The Specimen. The diverticulum, which was removed at operation, was a firm muscular tube with a 
lumen 0:8 cm. in diameter. It was 7-3 cm. in length, with an external diameter of 1 cm. at the open proximal 
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end, increasing to 2 cm. towards the distal end (Fig. 8). Histological examination revealed normal cardiac 
muscle with some irregular strands of fibrous tissue scattered through the muscle bundles and a somewhat 
thickened fibrous endocardial layer with a normal proportion of elastic tissue. The blood vessels showed 
no abnormality. 
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Fic. 7.—Contrast radiogram after injection Fic. 8.—The specimen cut longitudinally and 
directly into the diverticulum. The pat- opened out. In contrast to the radio- 
ient has been turned slightly to her right. graphic appearances (Fig. 7) the lumen is 
The course of the diverticulum and its almost uniform in calibre. 
connection with the heart are shown. 


Operation. In November, 1956, resection of the diverticulum was undertaken by two of us (D. R. and 
D.C.). Under general anesthesia, and with a cannula in the right radial artery, a midline epigastric incision 
was made and carried up in the midline of the sternum and out into the fourth right space. With division 
of the internal mammary vessels, the right pleura, and the pericardium, a good view was obtained of the 
left ventricle with the diverticulum passing downwards through a gap bounded by costal margin in front 
and a rim of diaphragm behind. A tube of pericardium enclosed the diverticulum as it went down, so that 
the latter lay free in it, except for a mesocardium which attached the ventricle and the medial aspect of the 
diverticulum to the parietal pericardium. Division of the mesocardium left the tubular diverticulum a free 
base connecting it to the ventricle which was later clamped across twice with Pott’s fine-toothed clamps, and 
division made between them. Pictures of the beating diverticulum and pressures in it and in the left ventricle 
were taken. After the first clamp was applied, the diverticulum continued to beat for thirty seconds, then 
ceased, and later resumed at half the rate of the ventricle. It soon slowed to a third, then a fourth, and then 
stopped altogether. The removal of the diverticulum was easy, peritoneum being opened in the process. 
The lower end was blind and lay near the umbilicus. The clamped base was closed by layers of 000 Deknatel 
as mattress sutures, and was no trouble. An attempt to map out the cardiac anatomy was not persisted with, 
as the heart was very irritable. 

Wound closure, convalescence, and progress were all uneventful and the patient was discharged from 
hospital some two months later. After operation, neither persistent tachycardia nor cardiac enlargement, 
noted by Skapinker (1951) and Roessler (1944) in their cases, occurred at any stage. 
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DISCUSSION 


The embryological basis for congenital diverticula of the ventricles has been discussed by several 
authors. Drennan and van der Vijver (1928) and Swyer ef a/. (1950) postulated that in foetal life 
the ventricular wall might give way at a point of weakness, the former authors suggesting that a 
potentially weak area was present at the apex of the normal heart and the latter that a defect in the 
muscular attachment to the mitral ring had led to the formation of the diverticulum in their case. 
On the other hand the frequency with which diverticulum of the ventricle is associated with defects 
in the pericardium, diaphragm, and abdominal wall was emphasized by Potts er al. (1953): they 
regarded the diverticulum as only one part of an anomaly that could be attributed to fusion between 
the part of the primitive cardiac loop that later forms the left ventricle and the closely adjacent 
ventral portion of the septum transversum prior to the descent of the latter. While this theory 
appears to offer the more satisfactory explanation for most recorded cases, including our own, it 
does not necessarily account for all congenital diverticula of the ventricles. In the patient reported 
by Swyer et al. (1950), where a thin-walled diverticulum not associated with abnormality of the 
diaphragm or the abdominal wall arose not at the apex but at the base of the left ventricle, the 
suggestion made by these authors of an underlying structural weakness seems to have much to 
commend it. 

Diagnosis. Provided it is known that this malformation may occur the diagnosis presents no 
difficulty for the only condition with which it is likely to be confused, an ectopic heart, can be 
excluded by radiography (Potts ef al., 1953). Should the possibility of an anomalous artery be 
entertained, timing of the pulsation relative to that in the carotid artery should offer a clue to the 
correct diagnosis, while the direct electrocardiogram alone would probably be diagnostic. Other 
observations such as pressure recording and contrast radiography can be regarded as being of 
interest rather than of essential diagnostic importance. 

Prognosis and Treatment. Few of the recorded patients, several of whom have had other 
congenital anomalies, have survived infancy and the only adult so far described was a woman aged 
thirty, reported by Formijne (1950). In the series of Skapinker (1951) the cause of death was known 
in only five of ten cases but at least two, one aged six and the other less than two days old, had 
died from rupture of the diverticulum; and, according to Swyer et al. (1950), rupture of a diverti- 
culum in an eight-year-old child was reported by Von Sydow in 1866. Rupture is therefore not 
rare and, in the absence of serious associated lesions, it may well be the usual fate of patients with 
this condition. There can be little doubt that surgical resection is the correct treatment. 

Mechanism of Rupture. \t has probably not been generally appreciated that systolic pressure in the 
diverticulum may rise to a level much higher than that in the ventricle. The high pressure found in our patient 
must have resulted from obstruction to outflow during contraction of the diverticulum but the available 
data leave the precise nature of the obstruction uncertain. Although the uniform calibre of the lumen 
excludes organic obstruction, both absolute and relative to the volume of blood contained, in that portion 
of the diverticulum resected, the possibility of structural narrowing of the lumen as it passed through the 
ventricular wall remains. On the other hand pressure records confirmed the clinical and cardiographic 
impression of late contraction of the diverticulum, and revealed that the onset of the systolic pressure rise, 
about 0-09 sec. later than that in the left ventricle, occurred when the ventricle was already in the ejection 
phase, and therefore at a time when any constriction of its intra-mural portion by the contracting left ventricle 
would be at or near its maximum. The absence of more than a trivial pressure rise in the diverticulum 
during isometric ventricular contraction might favour some contribution from organic obstruction, but this 
evidence is inconclusive for even in this phase the tense left ventricular wall may already have been con- 
stricting the diverticulum. Whether or not narrowing of the proximal lumen by muscle contraction in this, 
the first part of the diverticulum to be activated, contributed to the rise distally is also conjectural, but is 
made probable by the considerable reduction in calibre of the proximal lumen in some of the films taken in 
rapid sequence during and after injection of contrast material. Indeed in a thin tubular structure of this 
type where muscle contraction spreads from open to closed end, a partial systolic obstruction of the open 
end might possibly lead to a vicious cycle of rise of pressure, muscular hypertrophy, and increasing systolic 
constriction of the lumen with progressive rise of pressure distally. Certainly this mode of activation of 
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the diverticulum offers an attractive explanation for the localization of the greatest muscle mass at the distal 
closed end of the specimen in the present case, for contraction here would be initiated in the face of a higher 
pressure than would obtain at the onset of muscular contraction elsewhere in the diverticulum. 

In the absence of conclusive evidence as to the relative importance of functional as opposed to organic 
narrowing of the proximal part of the diverticulum in this case, an estimate of the frequency with which such 
diverticular pressure will be found in others with this malformation must await further studies. There are, 
however, some grounds for the belief that it may prove to be the rule rather than the exception and there- 
fore an important factor in the determination of eventual rupture. 


SUMMARY 


A patient with cyanotic congenital heart disease of the Eisenmenger type and dextrocardia had 
an associated diverticulum of the left ventricle. It was successfully removed. Ventricular activa- 
tion and contraction preceded activation and contraction of the diverticulum, and the systolic 
pressure in the diverticulum was approximately double that in the left ventricle. The diagnosis 
and the mechanism of rupture of such diverticula are discussed in the light of these observations. 


Our thanks are due to the medical and nursing staff of Green Lane Hospital for co-operation in the investigation 
and treatment of this patient, to Mr. S. Yarrow for technical assistance, and to the Photographic Unit of the Auckland 
Hospital Board for the illustrations. 
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A STABLE CUVETTE OF HIGH SENSITIVITY FOR INDICATOR 
DILUTION CURVES 
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The increasing use of indicator dilution techniques for both qualitative (Swan eral., 1953; Broadbent 
and Wood, 1954) and quantitative (Swan ef al/., 1956) assessment of central shunts and for cardiac 
output estimations (Hamilton ef al., 1948) has emphasized the need for dye monitoring systems of 
considerable stability and sensitivity. For the accurate calculation of the cardiac output and the 
ready assessment of intracardiac shunts during cardiac catheterization, systems for this purpose 
should possess these characteristics: (a) recorder deflection proportional to whole blood dye concen- 
tration, (b) zero drift through the relevant time, (c) high sensitivity, (d) long-term maintenance of 
spectral sensitivity, and (e) directly written deflections of adequate size for accurate extrapolation. 

Most cuvettes previously described for the continuous recording of dye concentrations in whole 
blood have used vacuum or gas-filled multiplier photo-cells as the sensitive element, necessitating 
high voltage supplies and high gain amplifiers in order to produce an acceptable signal level (Friedlich 
et al., 1950; Falholt and Kaiser, 1955; Shadle et a/., 1953). The few instruments using barrier layer 
cells have in general employed low intensity light sources, often consisting of a series of flash-lamp 
bulbs, and unsealed barrier layer cell assemblies (Nicholson et a/., 1951). 

A criticism of many of these methods has been that the current change in response to the increas- 
ing concentration of dye is extremely small, and further amplification is necessary before this output 
is sufficient to operate the recorder amplifier itself. A consideration of the many factors affecting the 
final stability of whole blood cuvettes has shown that a large increase in the current output change, in 
response to a given increase in dye concentration, effects the most significant improvement in stability. 
Since the area of selenium cell that can be exposed to the light source is limited, such an improvement 
in performance can only be obtained by increasing the light intensity or the sensitivity of the 
selenium cell itself. Although selection of selenium cells may produce units that, area for area, have 
outputs of up to 1-3 times the mean output of the batch, such a small increase in sensitivity is un- 
likely to be of any real advantage. An increase in the light intensity however is easily obtained, and 
produces an increase in output current which can be of very real value. Since both the red cell and 
the infra-red cell are not only sensitive to light but also to temperature, the use of higher light 
levels makes some form of thermal equilibration essential. The achievement of a constant tempera- 
ture state is probably also necessary in instruments using only low intensity light sources. 

Using compressed air from a cylinder, flow rates of 17 litres a minute produce an air temperature at 
the cylinder outlet of 8° C., and simultaneous seven point recordings of the temperature at various 
parts of the cuvette described, show a rise of only 4°5° C. above the ambient temperature at the photo- 
cell faces during a period of 60 minutes. Once this temperature is reached, maximum variations over 
60 minutes are approximately 1° C. A thermal stability of this order would appear to be essential in 
an instrument for quantitative use. 

Were it not for the disadvantages of the high tension supply system associated with photo- 
multiplier photo cells, these units would undoubtedly be the cells of choice for whole blood cuvettes, 
for barrier layer cells are extremely sensitive to many materials in the vapour phase, and difficulties 
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are often experienced with the spring devices normally used for electrical contact. Contact difficul- 
ties of this nature give rise to short-term intermittency (flicker), while the deterioration of the sensi- 
tive surface of the photo-voltaic cell itself causes a rapid loss in output and an alteration of the 
spectral sensitivity. In the present instrument these well known disadvantages of barrier layer cells 
have been completely eliminated by the use of pairs of cells embedded in Araldite. The infra-red 
and red cells are completely enclosed in the hard resin, behind a glass window. The leads are 
soldered to the sprayed-on contact surfaces of the photo-cells and are brought to terminals em- 
bedded in the resin around the cells. This gives a water-proof and chemical-proof assembly where 
there can be no possibility of the contacts being insecure, even when subject to severe vibration. 
This method also has the advantage that the relative position of the two cells is fixed permanently, 
and they can be handled as a single mechanically robust unit. 

Construction. The cuvette (Fig. 1) is formed from black perspex, and consists of a block con- 
taining the light source (A), screwed permanently to the lens block (B). A fixed spacer (C) compen- 
sates for the thickness of the cuvette slot itself (D) and the mask (E). The red and infra-red filters 
(F’, F”) are recessed into the face of the photo-cell block (G) which contains the embedded 
assembly of barrier layer cells (H). Air is circulated through the lamp housing and thence over the 
lens, blood cell and filter faces, by means of the Luer entries at the side of the lamp housing (K and L). 
Connection to the two photo-cells is by means of a flexible link (M). 


Nn 





Fic. 1.—Constructional details of cuvette. For explanation see text. 


The light source is a 6 volt, 6 watt bulb run at 8 volts; its low tension supply, together with the 
output from the photo-cells, is formed into a single screened cable with the air lines attached, 
joining the cuvette at a Mk IV socket (N). 

The output from the photo-cells is fed into a balancing network (Fig. 2) fitted with coarse and 
fine balance controls, stepped gain control, and a dye selector switch. From this matching unit the 
output is taken directly to a Honeywell-Brown Chart recorder, 

Polythene tubing (O.D. 0°120 inch: I.D. 0°080 inch) is used for the blood cell itself, and when in 
place in the clear perspex slot it assumes a roughly elliptical shape (major axis 0°160 inch, minor axis 
0°068 inch). The tubing terminates in male and female Luer adaptors. A metal stem attached to 
the perspex block forming the lamp housing facilitates the mounting of the unit in any desired 
position by means of retort stand clamps (Fig. 3). 
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Performance. In common with all whole blood cuvettes the unit shows a change in output for 
changing flow rates when the flow of blood through it falls below a critical minimum. In the 
instrument described, changes in flow rates when the basic flow is in excess of 20 ml. a minute have no 
effect on stability. 

The maximum sensitivity is of the order of 0°4 mg. Evans Blue/I.(whole blood)/cm. deflection 
using the 6 watt light source; an increase where necessary can be easily effected by an increase in 
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Fic. 2.—Circuit diagram of matching unit. The switches, S1, $2, $3, S4, are shown in the 


Evans Blue or Indigo Carmine position. The alternative position effects the circuit modi- 
fications necessary when using Cardio-Green. R1=5002. R2=102. R3=1k Helical. 
R4, R5=10k, 10k (Ganged). R6—R1IS=5002. SI, S2, S3, S4,=S.P.D.T. (Ganged). 
P/C1=Infra Red Cell. P/C 2=Red Cell. B1l=1-5 V Dry Cell. 


wattage of the source, since the density of the total light path is such that the light intensity seen by the 
photo-cell is still relatively low. 

The application of a positive pressure of two atmospheres to the blood filled cuvette produces a 
deflection equivalent to 0°5 mg. Evans Blue/I.(whole blood); the cuvette path elasticity is seen to be 
such that arterial pulsation artefacts as a result of fluctuating pressure changes are negligible. 

The stability of the instrument has been confirmed by the use of a constant displacement pump 
drawing fully oxygenated whole blood through the light path. Even cell distribution was ensured by 
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Fic. 3.—Cuvette with air lines attached. 
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the use of a mixer. Maximum deviation during a 10 minute flow period is equivalent to 0°1 mg. 
Evans Blue/l. (whole blood). 

The relationship between final deflection and Evans Blue concentration is essentially a linear 
one up to the maximum concentration likely to be found after repeated dye injections. 

Comment. Since the unit behaves as an oximeter, arterial oxygen saturation changes related to 
respiratory phase in cyanotic patients may deform the baseline. To overcome this difficulty a 
position is provided on the dye selector switch which so modifies the circuit that use may be made of 
one of the tricarbo-cyanine group of dyestuffs such as Cardio-Green, the maximum spectral absorp- 
tion of which occurs at 800 millimicrons, a wave-length at which oxyhemoglobin and reduced 
hemoglobin transmit light equally (Fox et al/., 1957; Kramer and Ziegenriicher, 1957). This 
circuit modification removes the red cell from the input network, and replaces it with a small fixed 
voltage for balancing purposes only. The polarity of the infra-red cell, on which the green density is 
measured, is also reversed, in order that the dye curve may be inscribed in the orthodox manner. 


SUMMARY 


A simple, linear cuvette system is described. The disadvantages of barrier layer cells, particularly 
as far as their long-term stability is concerned, have been largely overcome by the use of sealed pairs 
of red and infra-red cells. Stability is further improved by maintaining thermal equilibrium of the 
sensitive unit by the use of a stream of cooling air. 

A high intensity light source and plano-convex lens system provide for a large output from the 
photo-cells, thus improving the ‘signal/noise’ ratio, and allowing the output to be fed directly to the 
recorder. 

The sensitivity of the instrument is such that central injections of only 5 mg. of Evans Blue or 
equivalent amounts of indigo-carmine or Cardio-Green will produce deflections of up to 25 cm. on 
a wide chart recorder. 

A simple matching unit includes a dye selector switch, which enables the sensitivity of the cuvette 
to all three commonly used dyes to be fixed at the same level, and also effects the circuit changes that 
are necessary when using Cardio-Green. 

Linearity and stability are more than adequate for quantitative work. 


I wish to thank Mr. L. M. Clarke, Senior Technician at the Institute of Cardiology for his help in the construction of 
this apparatus, and Mr. P. Marcus of Megatron Ltd. for his invaluable assistance and advice. Megatron Ltd. manu- 
factured the embedded cells used in the cuvette. The complete dye assembly is available from Messrs. New Electronic 
Products Ltd. 
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The effect of thyrotoxicosis on the electrocardiogram of the patient, in whom there is no clinical 
evidence of other types of heart disease and no cardiac arrhythmia, has been a_ subject 
of considerable controversy. Joll (1932) maintained that electrocardiographic changes are pro- 
duced that are pathognomonic of thyrotoxicosis, while other authorities have denied this and 
have stated that no specific changes occur (McGavack, 1951; White, 1951). A difference of opinion 
also exists about the occurrence of cardiac hypertrophy in uncomplicated thyrotoxicosis, that is, 
with no cardiac arrhythmia, congestive failure, or any associated cardiac abnormality, such as 
coronary artery disease, hypertension, or rheumatic heart disease. Early observers failed to find 
cardiac enlargement (Lahey, 1930; Hurxthal, 1928), but later reports indicated that clinical evidence 
of cardiac hypertrophy might be present (Parkinson and Cookson, 1931; Lerman and Means, 1932; 
Friedberg, 1950). 

The aims of the present study are, therefore, to determine whether any specific electrocardio- 
graphic abnormalities are produced by thyrotoxicosis, and to investigate the occurrence of left 
ventricular hypertrophy, assessed on electrocardiographic criteria in uncomplicated cases of 
hyperthyroidism. 


PATIENTS STUDIED AND METHODS 


Two groups of 50 patients were studied. The first group comprised thyrotoxic patients treated 
with radioactive iodine, in whom no cardiac arrhythmia and no clinical or radiological evidence 
of disease of the cardiovascular system was present. All the patients had a normal blood pressure, 
the diastolic pressure being consistently below 100 mm. of mercury. Electrocardiograms were 
recorded in these patients, while they were thyrotoxic, and then repeated, when they had become 
euthyroid following !3'I therapy, over intervals of one to seven years after therapy. Euthyroidism 
was assessed by gain in weight and loss of the symptoms and signs of hyperthyroidism and, where 
clinical assessment was inconclusive, was confirmed by studies of basal metabolic rate and !3!I 
uptake. The second group, which was a group of controls, consisted of euthyroid patients, in 
whom there was no clinical or radiological evidence of cardiovascular disease or any other dis- 
order such as pulmonary disease or electrolytic disturbances that might affect the electrocardio- 
gram. This second group was of the same age and sex distribution to the thyrotoxic patients 
so that any possible differences in electrocardiograms resulting from these two factors were elimin- 
ated (Table I). Both the thyrotoxic patients and the controls were selected entirely at random 
from a much larger pool of patients in each category. 

Electrocardiograms were obtained, employing the three standard limb leads, the three unipolar 
limb leads, aVR, aVL, aVF (Goldberger, 1953), and chest leads V1—-V6 (American Heart Associa- 
tion, 1938). The electrocardiographic features analysed were heart rate, the duration and ampli- 
tude of the P wave in lead II, the P—R interval, the duration of the QRS complex and amplitude of 
R in lead II, the maximum amplitude of R, the presence of left ventricular hypertrophy assessed 
by the sum of S in V1 and R in V5 or V6 (Grubschmidt and Sokolow, 1957), the maximum amplitude 
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of T, and the corrected Q-T interval. Additional features noted were axis deviation, position of 
the heart, and abnormalities in the shape and contours of the P wave, QRS complex, and T wave. 
Standardization was normal (1 mv.=1 cm. deflection). 

For ease of description of results the thyrotoxic patients will be designated group 1 and the 
controls group 2. Group | was further subdivided into group la, consisting of patients before 
131] therapy, and group 1b comprising the same patients after treatment. A statistical comparison 
of the electrocardiographic features enumerated above was made between group | and group 2. 
In addition, since groups la and 1b comprised the same patients, the differences in each individual 
before and after treatment were calculated and analysed statistically. In this way variation between 
different subjects was eliminated and the changes produced by hyperthyroidism became more 
apparent. 


TABLE I 


AGE AND SEX DISTRIBUTION IN 50 THYROTOXIC PATIENTS 
IN ELECTROCARDIOGRAPHIC STUDY 








Age group No. of patients 

(years) - 
Male Female 

40-49 5 19 

50-59 2 15 

60-69 ys 7 

Total 9 41 

RESULTS 


The results of the analysis are shown in Tables II, III, and IV. 


Heart Rate. The mean heart rate in group la was significantly higher than that in both group 
1b (p<0-001) and group 2 (p<0-001). Furthermore, group 1b showed a significantly higher rate 
than group 2 (p<0-02). The mean fall in heart rate in group | after '3!I therapy was also highly 
significant (p<0-001). 

P Wave. There were no significant differences in duration of the P wave between groups 
1 and 2, nor was there any significant variation between groups la and lb. Although the mean 


TABLE II 
COMPARISON OF ELECTROCARDIOGRAPHIC FEATURES IN 50 THYROTOXIC PATIENTS BEFORE AND AFTER 131] THERAPY 
AND 50 CONTROLS 

















Thyrotoxic patients Controls 
Before 131] After 131] 
therapy therapy 
Mean Mean Mean difference Mean 
+standard error +standard error +standard error +standard error 
Rate/min. : Ee 93-942-2 79-6+1-4 —14:342°1 74:0+0-9 
P wave duration—sec... 0-08 +0-004 0-:09+0-01 +0-006+0-003 0-08 + 0-003 
Height of PII—mv. 1:-6+0-2 1:0+0-2 —0-6+0-4 1-2+0-06 
P-R interval—sec. 0-:14+0-001 0-14+0-004 +0-004+0-006 0-:14+0-04 
QRS duration—sec. 0-07 +0-005 0-:06+0-003 —0-:01+0-003 0-:06+0-004 
Height of RII—mv. ae 11-1+0-6 8-0+0-4 —3-140-48 6840-4 
Maximum height of R—mv. .. 21:340°8 18-5+0°8 —2:84+0°8 13-7+0°8 
Maximum height of T—mv. .. 5-9+0:3 5-840-7 +0:1+0-4 4:2+0-2 
Q-Tc—sec. v- 0-38 +0-006 0:37+0-008 —0-008 +0-007 0-35+0-016 
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TABLE Ill 
INCIDENCE OF ABNORMALITIES OF P WAVES, QRS COMPLEX AND T WAVES 





50 Thyrotoxic patients 











2 wena ee ae me — | 50 Controls 
Before After 
131] therapy 131] therapy 

P inversion I 5 4 3 
aVL 3 3 7 
aVF 2 0 0 

P notching 4 6 0 

QRS notching 5 7 3 

RSR’ wave > 4 0 

T inversion I 1 1 I 
Il 7 21 20 
VL 13 9 6 
VF 3 5 
V1 2 0 I 
V6 1 l 0 





TABLE IV 
Axis DEVIATION AND CARDIAC POSITION IN 50 THYROTOXIC PATIENTS AND 50 CONTROLS 





Thyrotoxic patients 








Controls 
Before After 
131] therapy 131] therapy 

Axis deviation—left 19 26 21 
right 0 0 0 

none 31 24 29 

Cardiac position—horizontal 10 18 14 
vertical 11 7 10 

intermediate 29 25 26 





amplitude of PII in group la exceeded that in group 2, the difference was not significant, and no 
significant difference was found between groups la and 1b. P wave inversion in leads III and VL 
was seen in both groups | and 2, but the incidence did not differ significantly (Table III). Inversion 
of Pin VF occurred in group Ia only, in two patients. Notching of P occurred also in group 1 only, 
and was slightly more frequent after !3!I therapy than before. 

P-R Interval. The mean P-R interval was similar in groups | and 2 and was within normal 
limits. Although there was a mean increase of 0-004 sec. in the thyrotoxic patients after 131] 
therapy, the change was not significant. 

QRS Complex. There was no significant difference in mean duration of the QRS complex 
between the thyrotoxic patients in group la and the normal subjects in group 2; in both these groups 
the values were within normal limits. However, when the measurements were compared on an 
individual basis in the same patients in groups la and 1b, a slight, but significant, fall became appar- 
ent after treatment of the thyrotoxicosis (p<0-01). The mean amplitude of RII and the mean 
maximum amplitude of R in group la were significantly higher than those in group 2 (p<0-001), 
and there was also a significant fall in amplitude in group | following !3!I therapy (p<0-001). 
Furthermore, group |b showed a significantly higher value than group 2 (p<0-01). The incidence 
of abnormalities of the QRS complex, either notching or fully developed RSR’ complexes, was 


higher in group | than in group 2, but not significantly so. 
I 
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Left Ventricular Hypertrophy. The criterion adopted for assessment of left ventricular hyper- 
trophy was that considered the most reliable in middle-aged patients by Grubschmidt and Sokolow 
(1957) and Sokolow and Lyon (1949): it was judged to be present, when the sum of S in V1 plus R 
in V5 or V6 (whichever is the larger) was in excess of 35 mm. in the standard 1 cm.—1 mv. electro- 
cardiogram. On this basis none of the normal controls in group 2 had left ventricular hypertrophy. 
It was, however, present in 14 patients in group la and disappeared in nine of these after 
131] therapy. There was no significant difference in the mean interval of time after therapy, 
in the five patients in whom hypertrophy persisted, 32-4 months, and in the nine patients 
in whom it disappeared, 31-3 months. In addition hypertrophy became apparent after treatment 
in three other patients in group 1b who had not shown it, while they were hyperthyroid. They 
had not been unduly long in becoming euthyroid after therapy and in this respect did not differ 
from the remaining patients in group 1b, in whom hypertrophy did not develop. 

The importance of a number of clinical factors in the production of left ventricular hypertrophy 
in the electrocardiogram was assessed by making a detailed comparison between all patients with 
and without hypertrophy. These factors included age, sex, systolic and diastolic blood pressure, 
duration of thyrotoxicosis, and severity of thyrotoxicosis as assessed by the 4-hour uptake of !3!] 
(Goodwin et a/., 1951). Furthermore, in view of the relationship between high voltage precordial 
leads and thinness of chest wall, the mean weights of patients with and without hypertrophy were 
compared to avoid any possibility of obtaining a false positive result. However, no significant 
differences were found in any of these factors, either between hyperthyroid patients with and with- 
out hypertrophy, or between the hyperthyroid patients with persistent hypertrophy and those in 
whom hypertrophy disappeared after treatment. 

T Wave. No significant differences in the mean maximum amplitude of the T wave were 
found between group | and group 2, and between groups la and Ib. Inversion of the T waves 
occurred in all three groups, but the incidence did not vary significantly. Inversion was most 
frequent in aVL in group la and in lead III in groups |b and 2. 

Q-Tc. The mean Q-T interval corrected for heart rate (Taran and Szilagyi, 1947) did not differ 
significantly in the three groups and was within normal limits. 

Axis Deviation and Cardiac Position. There was no significant difference in the incidence of left 
axis deviation between the three groups (Table IV). No patient in any group showed right axis 
deviation. The electrical position of the heart was determined according to the criteria published 
by Goldberger (1953). The incidence of horizontal, vertical, and intermediate hearts did not differ 
significantly in groups | and 2, neither were there any significant differences in electrical position 
between group la and group 1b (Table IV). 


DISCUSSION 


Sinus tachycardia is the usual finding in thyrotoxicosis and is proportional to the increase in 
basal metabolic rate (Yates, 1932). It was found in the present series and, although treatment with 
131] resulted in a significant fall in heart rate, the mean heart rate was still significantly higher in the 
treated thyrotoxic patients than in the controls. This may be associated with a persistently 
increased cardiac output, even when euthyroidism has been attained. Hyperthyroidism is associ- 
ated with extensive peripheral vasodilatation and an increased cardiac output (Myers ef al., 1950; 
Bishop et al., 1955). An increased cardiac output resulting from extensive or large arterio-venous 
shunts does not always return to normal levels after closure of the fistulae (Cohen et al., 1949). 

Increased duration of the P wave has been reported in thyrotoxicosis (Gordan et al., 1944) but 
this has not been confirmed in this series. Increased amplitude of P waves has also been found 
(Parkinson and Cookson, 1931) and especially in leads II and III (Goodall, 1920; Smith and Colvin, 
1927). Although PII was tall it did not exceed the normal upper limit of 3 mm. in this lead (White, 
1951) and did not differ significantly from the controls. The increased amplitude in the thyrotoxic 
patients may be the result of the increased cardiac output occurring in thyrotoxicosis, as similar 
increases can occur with exercise alone (White, 1951). Notching of P waves was confined to 
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thyrotoxic patients and persisted after 13!I therapy. Gordan et al. (1944) found similar notching 
in thyrotoxicosis. 

The P-R interval has been found to be prolonged in hyperthyroidism by a number of observers 
(Krumbhaar, 1918; Willius et a/., 1923; Damashek, 1924; Goodall and Rogers, 1927). In the 
present series the P-R interval was identical in groups 1 and 2, and well within normal limits. 
This interval has been found to vary with age and heart rate (Ashman and Hull, 1937) and the pro- 
longation described by these earlier observers may have resulted from omission to make allowance 
for these two factors. 

Although there was no significant increase in the duration of the QRS complex in the thyro- 
toxic patients compared with the controls, there was a significant fall in duration in the thyrotoxic 
patients after !3![ therapy, suggesting that thyrotoxicosis does produce an increased duration of 
the QRS complex. Both RII and the maximum amplitude of R were significantly increased in the 
thyrotoxic patients, the greatest amplitude of R being found most commonly in V4 and V5. A 
slight increase in the amplitude of RII was described by Joll (1932), but in the same year Don and 
Langley (1932) found no constant relationship between the amplitude of R and the basal meta- 
bolic rate in thyrotoxicosis. 

In 14 thyrotoxic patients there was electrocardiographic evidence of left ventricular hyper- 
trophy. The high voltage precordial leads could not be regarded as false positives due to excessive 
thinness in the thyrotoxic patients, as their mean weight did not differ significantly from the 36 thyro- 
toxic patients not showing hypertrophy. Neither was the incidence of hypertrophy attributable 
to the effect of greater age. Cardiomegaly in thyrotoxicosis has been considered exceptional 
(Smith and Colvin, 1927; Hurxthal, 1928; Lahey, 1930). When it has been found, associated 
cardiovascular disease, such as coronary artery disease, hypertension, or rheumatic heart disease, 
has usually been also present (Hurxthal et a/., 1930; Gotta, 1938; McPhedran, 1942; Levene and 
Miller, 1942). In all these studies, however, assessment of cardiac enlargement and hypertrophy 
has been made mainly on clinical and radiological grounds. In the present series the heart size 
was normal clinically and radiologically in all these patients and careful clinical examination 
revealed no possible cause for cardiac hypertrophy other than thyrotoxicosis. In these patients, 
therefore, the electrocardiogram appears a more sensitive index of left ventricular hypertrophy 
than the other methods of examination. When severe cardiac involvement, such as congestive 
failure, occurs in thyrotoxicosis in the absence of associated heart disease, it has been found that 
intensity of hyperthyroidism may be a contributory factor (Hurxthal, 1928; Andrus, 1929), and also 
that duration of thyrotoxicosis is an important factor in producing cardiac complications (Gris- 
wold and Keating, 1949; Friedberg, 1950). Both of these factors were considered in relation to the 
incidence and persistence after treatment of cardiac hypertrophy, but no correlation could be found. 
In 5 of these 14 patients left ventricular hypertrophy appeared to be irreversible over periods 
ranging from 17 to 70 months after !3!I therapy, and its persistence was not related to a shorter 
follow-up period in these patients compared with the nine patients in whom the hypertrophy dis- 
appeared. Similarly a persistence of cardiomegaly, assessed mainly on radiological grounds in 13 
thyrotoxic patients after 1511 therapy, has been found by Sandler and Wilson (1958). They were 
patients, in whom cardiomegaly was the sole manifestation of cardiac involvement, thereby resem- 
bling the patients in the present series, in whom the electrocardiogram alone gave evidence of left 
ventricular hypertrophy. 

In view of the flattening or inversion of the T waves occurring so frequently in myxcedema, it 
might be expected that increased amplitude of T waves would occur in thyrotoxicosis. In this 
series, however, no significant changes in T wave amplitude occurred in the thyrotoxic patients and 
similar conclusions have been reported by White (1951). T wave inversion was present in one or 
other lead in over 50 per cent of the thyrotoxic patients, but occurred in an even greater percentage 
of the controls. Willius et a/. (1923), found that the T wave was often low or inverted in thyro- 
toxicosis. Gordan et al. (1944) found T wave abnormalities consisting of low amplitude, diphasic 
or abnormally shaped waves, in 19 per cent of 121 thyrotoxic patients, but in the majority of these 
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patients the abnormalities disappeared after treatment of the thyrotoxicosis. In the present 
series the T wave inversion has increased in incidence in the thyrotoxic patients after 1311 therapy. 

The Q-T interval, corrected for heart rate, may be prolonged in rheumatic and other forms of 
myocarditis, and it has been claimed that thyrotoxicosis produces an interstitial myocarditis (Fahr, 
1916; Wilson, 1923; Goodall and Rogers, 1927; Lewis, 1932). This interval was not significantly 
altered in the thyrotoxic patients and was within normal limits. : 


SUMMARY 


A comparison was made between the electrocardiograms of 50 patients with uncomplicated 
thyrotoxicosis before and after radioactive iodine therapy and of 50 euthyroid patients of identical 
age and sex distribution free from any cardiovascular disturbances. 

Significant electrocardiographic changes found in the thyrotoxic patients comprised an in- 
creased heart rate, an increased duration of the QRS complex, and an increased amplitude of RII 
and maximum amplitude of R. There was no significant alteration of duration of the P wave, 
amplitude of PII, P—R interval, maximum amplitude of the T wave, or the corrected Q-T interval. 

Left ventricular hypertrophy, judged to be present when the sum of S in V1 plus R in V5 or V6 
was in excess of 35 mm., was found in 14 hyperthyroid patients before !31I therapy and disappeared 
in 9 after therapy. Age and weight of the patient and duration and severity of the thyrotoxicosis 
were not related to the incidence or persistance of hypertrophy. 

It is concluded that thyrotoxicosis alone can produce left ventricular hypertrophy and an 
increased duration of the QRS complex, but does not otherwise cause any specific or pathogno- 
monic changes in the electrocardiogram. 


I would like to thank Professor G. M. Wilson for much helpful advice and criticism in the preparation of this 
paper. 
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Before the beneficial results of mitral valvotomy were established, it was customary to follow 
MacKenzie’s teaching and invoke myocardial weakness as the major factor in causing the heart to 
fail in its functions in the presence of mitral valve disease (Lewis, 1946). Baker et a/. (1950), while 
allowing the possibility, emphasized the prime importance of the mechanical fault in the vast majority 
of cases. Subsequent experience of the progress of cases treated on this basis with great sympto- 
matic and hemodynamic improvement confirms the truth of this assertion. Many workers have 
published large series of such cases, Baker et al. (1952) and Wood (1954) making important reports 
from this country. 

However, a small percentage of cases continues to appear in which mechanical obstruction does 
not seem to be of sufficient degree to explain the symptoms, and these have been attributed to myo- 
cardial dysfunction (Wade et al., 1952; Harvey et al., 1955; Ferrer et al., 1955; and Soloff et al., 
1957). The physiological criteria on which such a diagnosis is based are explicit enough, but no 
well-defined clinical picture has emerged. The frequency of such cases is also uncertain. Harvey 
(1955) describes 8 examples among 60 cases of mitral valve disease studied, but in our experience the 
condition is not as common as this. 

The object of this communication is to draw a more faithful portrait of the syndrome in question, 
to offer a suggestion concerning its nature, and to encourage more rational and effective treatment. 


MATERIAL 


The present study is based on a review of 750 cases of mitral stenosis under the care of one of us 
(P.W.) at the Brompton Hospital and the National Heart Hospital during the past eight years. 
Only 24 cases with unquestionable myocardial dysfunction associated with unimportant valve 
disease could be found, an incidence of 3-2 per cent. In the majority the question of a myocardial 
factor being responsible for the symptoms was raised on completion of the history and physical 
examination: cardiac catheterization was carried out to test the truth of this conclusion. In a 
minority the myocardial factor was first invoked when physiological studies demonstrated the 
association of mild stenosis with a low cardiac output. 

Characteristically the cases had intermittent but incapacitating symptoms over a long period of 
time and most of them had had objective evidence of heart failure without a raised pulmonary artery 
pressure. The symptoms included dyspnoea on effort, nocturnal dyspnoea, orthopneea, fatigue, and 
ankle edema. Systemic embolism was frequent, and syncope occurred in three cases. Radiographs 
at times showed interstitial pulmonary cedema and interlobular septal lines. In these cases the 
auscultatory signs were those of pure stenosis of less than critical severity—a relatively quiet first 
heart sound, a late opening snap, anda short mitral diastolic murmur (Wood, 1956; and Wells, 1957). 
Occasionally a third heart sound was noted at the apex. A mitral pansystolic murmur was heard in 
9 cases (37°%) but it was never loud and never accompanied by other clinical features suggesting 
serious mitral regurgitation. 

In an attempt to isolate a homogeneous group from which a distinct clinical syndrome might 
crystallize, all cases with possible complicating factors were excluded. Thus cases were rejected on 
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the following grounds—raised pulmonary vascular resistance (more than 6 units), pulmonary 
thrombo-embolic disease, cor pulmonale, coronary ischemia, systemic hypertension, previous 
bacterial endocarditis, and rheumatic disease of valves other than the mitral. No cases were 
anemic and none had evidence of rheumatic activity. 

The relevant data from the 24 cases are summarized below. 


Clinical Findings 

Sex. 21 women (87:5°%%); 3 men (12-5°%) 

Age. 21-55 years; average, 43 years 

Length of history. 2-20 years; average, 9 years 
Rheumatic history. 19 (80°); Recurrent rheumatic history: 5 (26°) 
Left heart failure. 20 (83°%); Congestive failure: 17 (71°) 
Systemic embolism. 11 (46%) 

Cerebral embolism. 10 (91°% of embolic cases) 

Repeated embolism. 6 (55°% of embolic cases) 

Syncope. 3 (12-5°%%); Angina 2 (8°) 

Atrial fibrillation. 24 (100%) 

Electrocardiogram with normal QRS complexes. 22 (90°) 
Cardiothoracic ratio. 0-42-0-75; average, 0-52 


Physiological Findings 

Cardiac output. 1-7-4-7 ]./min; average, 3-2 |./min. 

Mitral index. 17-100 per cent; average 50 per cent 

Indirect left atrial pressure (measured from the sternal angle). O-17 mm. Hg; average, 7 
mm. Hg 

Pulmonary vascular resistance. 0-5-6 units; average, 2-3 units. 


ANALYSIS OF CASES 


The 150 surgical cases of mitral stenosis reported by Wood (1954) are included in the present 
series of 750 cases from which the 24 with myocardial dysfunction have been isolated, and 
the detailed analysis of those 150 will be used for comparison with the cases in this report. The 
surgical group is chosen because it consisted of cases of pure or dominant critical mitral stenosis that 
were submitted to operation, and it is from this group in particular that distinction must be made. 
This is especially important because operation in those cases without mitral obstruction must be 
avoided. 

The average age of 43 years is rather more than in the control group (37 years), and the F: M sex 
ratio of 7:1 higher than the 4:1 ratio in uncomplicated mitral stenosis. In the ‘* myocardial insuffi- 
ciency”’ cases of Harvey et al. (1955) the average age was 38 years compared with 36 years in their 
stenotic group; the F:M sex ratio was 3:5 in the former and 1:1 in the latter. 

A rheumatic history was obtained in 80 per cent. of the present series; this is higher than in the 
controls (60°%) but may not be statistically significant. Recurrent attacks of rheumatism occurred 
less frequently (26°%) than in the controls (31°%). These figures give little support to the view that 
the increased myocardial damage is related to the severity or frequency of previous rheumatic activity. 

The duration of symptoms (9 years) was longer than in those with serious stenosis (7-3 years, from 
onset to total incapacity). In the present series no patient was totally incapacitated after treatment. 
The history tended to be remittent with spells of failure interspersed with spells of near normal 
performance. The response to medical treatment was usually good, but this had to be maintained 
to prevent a relapse. Harvey (1955) made similar observations. In the present series one patient 
only has died—a 36-year-old woman with a ten-year history of symptoms who died in congestive 
heart failure. No details of her treatment are available. At necropsy the valve was pliable, not 
incompetent, and the orifice measured 0-5 x 2-0 cm. ; there was a giant left atrium but the left ventricle 
was only moderately dilated and measured 1-1 cm. in thickness: histological examination of the 
myocardium was not carried out. 
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Systemic embolism occurred in 46 per cent of these cases, but in only 13-14 per cent of stenotic 
controls (Wood, 1954; and Belcher and Somerville, 1955). In 91 per cent of them the cerebral vessels 
were involved, a higher figure than the 75 per cent of Wood and the 59 per cent of Belcher and 
Somerville. In 55 per cent of our cases two or more systemic emboli had occurred by the time they 
were seen, contrasting with the 35 per cent of recurrent emboli found by Belcher and Somerville. 
These figures leave no doubt about the greater risk of embolism in the group with myocardial dysfunc- 
tion and mild stenosis. That this is not related to obstruction of the mitral orifice is self evident, but 
may be emphasized by the history of a patient in the series. A woman, aged 41 years, who had 
previously had a right brachial embolus, persuaded her doctors to allow the mitral valve to be 
explored, because of the severity of her symptoms. At operation the valve orfice was found to be of 
almost normal size and the commissures were cut not more than 3 mm. to the valve ring. Following 
operation she was no better, and some months later suffered a left hemiplegia. This, of course, is 
in keeping with the well recognized fact that emboli may occur with trivial mitral stenosis. Wood 
(1954) reported this and it has since been fully confirmed. McDonald et a/. (1957) reported no 
systemic emboli in patients with the largest valve orifices, but they studied only 44 cases. Harvey et al. 
(1955) make no mention of systemic emboli in their group of patients with myocardial insufficiency. 

The increased tendency to embolism may be related to the high incidence of atrial fibrillation 
which occurred in all our cases, as opposed to 41 per cent in Wood’s surgical cases and 66 per cent in 
his cases with a history of systemic embolism. Belcher and Somerville record that 78 per cent of 
their embolic cases were fibrillating. It is generally agreed that atrial fibrillation increases the tend- 
ency to embolism. In the present series the low cardiac output with the sluggish flow through the 
heart would also be expected to increase the chance of clot forming in the atrium. The high 
incidence of atrial fibrillation may be related to the relatively advanced age of many of these patients. 

The /eft atrium was unduly enlarged in only two cases, but otherwise was as usual for mild mitral 
stenosis with atrial fibrillation. Wood (1954) has reported that in mitral stenosis with atrial fibrilla- 
tion the size of both atria is larger than with sinus rhythm, which suggests that the atrial enlargement 
follows rather than causes the fibrillation. 

Symptoms of /eft heart failure had been present in 83 per cent of our cases and of congestive 


failure with ceedema in 72 per cent. Three patients complained of syncope and at catheterization 


their cardiac outputs measured only 2-0, 2-2, and 4-0 litres/min., and this could well have been the 
basis for the symptom. Two patients had angina pectoris. 

There was nothing specific about the e/ectrocardiogram, which showed normal QRS complexes in 
all but two cases; one of the exceptions had slight left, and the other slight right, ventricular hyper- 
trophy. The T waves were normal except for digitalis S-T depression. 

Radiological evidence of cardiac enlargement was never more than moderate, the left atrium and 
the right heart usually being involved. In eight cases, the left ventricle also appeared to be enlarged, 
but never more than slightly. The normal appearance of the left ventricle at operation in one case 
belied clinical and radiological evidence of considerable enlargement. In another, with a giant left 
atrium, necropsy meted out similar discipline. The cardiothoracic ratio in the series averaged 0-52. 
Thus cardiac enlargement did not distinguish these cases from those with mitral obstruction. This 
is in contrast to the views of Ellis et a/. (1957) who described an unusually large heart that was not 
explained by the valvular disease. On the other hand Harvey et a/. (1955) found that the average 
heart size in the myocardial insufficiency group was similar to that in the stenotic group, although 
the largest individual hearts were found in those with myocardial insufficiency. 

Mitral valve calcification of minor degree was present in 15 per cent and the left atrium was 
calcified in one case. The left atrial appendix was never conspicuously enlarged. 


PHYSIOLOGICAL STUDIES 
Right heart catheterization was carried out in 22 of the 24 patients. The most impressive physio- 
logical feature was the /ow cardiac output, which ranged between 1-7 and 4-7, and averaged 3-2 
litres/min. In Wood’s (1954) group without much rise of the pulmonary vascular resistance the out- 





120 FLEMING AND WOOD 


put was 4-0 to 4-6 litres/min., but it was only 3-6 litres/min. in those with atrial fibrillation. Harvey 
et al. (1955) stated that the resting outputs were similar in the mitral stenotic and the myocardial 
insufficiency groups and did not think this was a differentiating factor; but they emphasize failure of 
the cardiac output to rise properly on exercise in those with myocardial insufficiency—a point of 
considerable diagnostic value. In our cases measurements of cardiac output were made at rest only, 

The indirect /eft atrial pressure at rest measured from 0 to 17 mm. Hg (average 7 mm.), with 
reference to the sternal angle, and the mitral index (Wood, 1954) from 17 to 100 with an average of 50 
per cent, indicating an estimated variation from average stenosis to no mitral obstruction at all. In 
one case with an index of 17 per cent the valve at autopsy was found to measure 0-5 x 2-0 cm., and in 
another with an index of 26 per cent the valve opening at operation was said to be of nearly normal 
dimensions. It should be pointed out, however, that the index breaks down when the rise in left 
atrial pressure is due to left ventricular dysfunction or to mitral regurgitation, and that only the Ry/v 
ratio (Owen and Wood, 1955) or a directly measured diastolic pressure gradient across the mitral 
valve provides valid evidence of the degree of stenosis. In 7 cases the indirect left atrial pressure 
change on exercise was studied and the rise was moderate (range 0 to 24 mm., average 10 mm.). 

The pulmonary vascular resistance ranged from 0-5 to 6-0 units (average 2:3 units), i.e. from normal 
to moderate elevation. 


DISCUSSION 


Although a left ventricular myopathy is commonly supposed to explain the syndrome, it is 
remarkable what little evidence of disease is shown by the left ventricle clinically, electrocardio- 
graphically, radiologically, at operation, and at autopsy. The average left atrial pressure of only 7 
mm. Hg with reference to the sternal angle denies any serious elevation of the left ventricular end- 
diastolic pressure at rest, but direct observations during exercise might be of value. 

The one constant feature of all our cases was atrial fibrillation, usually of many years’ duration. 
Exceptions included a man, aged 21 years, with large atria which fibrillated for the first time at 
catheterization, and another with paroxysmal fibrillation over a long period of time. 

It is suggested, therefore, that atrial fibrillation is the essence of the syndrome under discussion, 
accounting for the symptoms, the low cardiac output, and the high incidence of systemic embolism. 
There is good experimental evidence in animals (Jones and Sclapp, 1945; and Wegria et al., 1950) 
that the onset of atrial fibrillation is associated with a sharp fall in cardiac output which returns to 
normal when sinus rhythm is restored. Hansen ef a/. (1952) and Broch and Miillar (1957), 
studying digitalized patients with atrial fibrillation, showed that restoration of sinus rhythm in- 
creased the resting cardiac output and improved the response to exercise. 

In one of our cases uncontrolled atrial fibrillation at the time of admission was associated with a 
bundle-branch block pattern (Fig. 1) which returned to normal when the rate was controlled with 
digitalis. This happening, which is not very rare, suggests that the nutrition of the myocardium 
may suffer from uncontrolled atrial fibrillation. Wegria et a/. (1950) demonstrated a diminished 
coronary blood flow during atrial fibrillation. It must be conceded, therefore, that in the cases 
under discussion periods of rapid fibrillation may have permanently damaged the myocardium. At 
the present time it is impossible to say whether the symptoms are due to the rhythm change itself or 
to a nutritional myocardiopathy caused by the rhythm change. Atrial fibrillation is, however, very 
uncommon in myocardiopathies of other kinds, and there is no reason to believe that it would be 
caused by rheumatic myocarditis. Negative left appendicular biopsies support this view. 

One reason for inculpating the rhythm change itself, rather than a secondary nutritional 
myocardiopathy, is the constancy of a normal QRS-T electrocardiographic pattern. In myocardio- 
pathies of other kinds the T wave is nearly always inverted in left ventricular surface leads or their 
equivalents (Brigden, 1957), as it is when heart failure complicates prolonged paroxysmal tachycardia 
in a previously normal heart. 

It is surprising that the heart was not larger in cases with a long history of failure and atrial 
fibrillation, but the manner in which the cases were selected may account for this. Thus several with 
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Fic. 1.—Electrocardiogram (lead I) of a case in the present series, show- 
ing the abnormal ventricular complexes before the rate was con- 
trolled with digitalis. 


larger hearts were rejected because there was significant mitral regurgitation, but of course this could 
well have been functional. We have frequently observed a transient increase in heart size during a 
paroxysm of fibrillation. Evans and Swan (1954) found no cardiac enlargement in lone fibrillation, 
but their cases were essentially benign and associated with a slow rate and absence of symptoms, 
including systemic embolism. Wood (1954) found both atria larger in atrial fibrillation than in 
sinus rhythm. However, when we compared the cardiothoracic ratio in 15 cases of critical mitral 
stenosis in sinus rhythm with no more than moderate elevation of the pulmonary vascular resistance 
with a matched series of 15 cases in atrial fibrillation there was no significant difference (sinus 
rhythm 0-46-0-66, average 0-57; A.F. 0-47-0-85, average 0-60), although the largest hearts were 
fibrillating. McDonald et al. (1957) also found that varying degrees of cardiac enlargement were 
found equally in patients with widely differing types of mitral valve disease and were of no help in 
differentiating them. 

From this study there emerges a picture of a middle-aged woman presenting with a long history of 
intermittent dyspncea and ceedema. She has probably had a systemic embolism, very likely cerebral, 
and complains bitterly of fatigue. The signs are those of mild mitral stenosis with evidence of left 
heart failure or congestive failure, and without signs of a raised pulmonary vascular resistance. 
Certainly she has atrial fibrillation. The electrocardiogram and chest radiograph are indistinctive. 
Cardiac catheterization reveals a low cardiac output responding poorly to exercise, a near normal 
right heart pressure, and a left atrial pressure that is within normal limits at rest but rises moderately 
on exercise. Two of our cases were submitted to operation, but in neither was the stenosis tight 
enough to warrant valvotomy. No psychological benefit followed the operation and one of the 
patients continued to have emboli. 

The frequent occurrence of embolism led us to treat these patients with anticoagulants permanently. 
So far the results have been encouraging and are expected to prove superior to left atrial appendicec- 
tomy. Effective control of heart rate by means of digitalis is essential and rewarding. 

Although the cases reported by Harvey et al. (1955) would appear to be similar to ours in many 
respects, our incidence is much lower: this difference may be due to our rigid method of selection. 
More advanced cases than ours may exist in considerable numbers, but they present with serious 
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mitral regurgitation or with multiple valve lesions, and it is very difficult to know whether the rhythm 
change or the valve disease is chiefly responsible for the symptoms. 


SUMMARY 


Myocardial dysfunction, rather than the mechanical effects of valve lesions, was responsible for 
ill-health in 3-2 per cent of 750 cases of rheumatic mitral valve disease. The recognition of these 
cases is important, because operation is not indicated. 

The clinical picture was characterized by a long history of fatigue, recurrent heart failure, 
systemic embolism, and atrial fibrillation, associated with signs of mild mitral stenosis. 

The chief physiological findings were a low cardiac output, almost normal left atrial pressure at 
rest, and normal or only slightly raised pulmonary vascular resistance. 

Clinical, electrocardiographic, radiological, physiological, operative, and necropsy data failed to 
reveal convincing evidence of primary myocardial fault, and the syndrome appears to be an unusual 
consequence of atrial fibrillation in the presence of mild mitral valve disease. 

When normal rhythm cannot be restored or maintained, relatively good health may be enjoyed 
with the aid of adequate doses of-digitalis and permanent anticoagulant therapy. Mitral valvotomy 
does not improve cardiac function nor prevent embolism. 
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A rare, but important, complication of mitral valvotomy for mitral stenosis is the development 
of tricuspid incompetence (Mounsey, 1957). The syndrome may be defined as permanent tricuspid 
incompetence, coming on in the immediate post-operative period, after a successful mitral valvo- 
tomy, without any obvious cause for sudden right heart failure, in a patient who had never had 
tricuspid incompetence before operation, or in whom it had been transient or of slight degree. In 
this paper an account is given of the syndrome, with a discussion of its mechanism, treatment, and 
prognosis. 


THE INVESTIGATION DESCRIBED 


Eight out of 260 patients developed tricuspid incompetence after mitral valvotomy performed 
for mitral stenosis in this hospital during the past seven years by either Mr. Vernon Thompson 
or Mr. Geoffrey Flavell. They were also under the care of the Cardiac Department before and 
after operation. 

The patients were all women and their ages varied between 25 and 45 at the time of operation, 
the average age being 38 years. 

With one exception, all the patients had tight mitral stenosis at operation, the valve measuring 
about | cm. in its long diameter: in the eighth patient the valve measured 2cm. All had a successful 
mitral valvotomy, the valve diameter length being increased to between 3-5 and 4-0 cm. in two, 
between 2-5 and 3-0 cm. in five; and only in one was the final diameter after operation as small as 
2:5 cm. 

In no patient was there intractable right heart failure before operation. Three of the patients 
gave no history of right heart failure, three had been in failure once shortly before operation, and in 
two only was there a clear history of more than one attack of failure. 

Pulmonary hypertension, judged on clinical, electrocardiographic, and radiological evidence, 
was present in three patients. The pulmonary arterial pressure was considerably raised in two 
and moderately raised in one, in whom it measured 44/15 mm. Hg, with a pulmonary vascular 
resistance of 6 units. The remaining five had no clinical evidence of pulmonary hypertension. 

Recurrent attacks of severe bronchitis were a feature in only two patients. Two others had 
an associated aortic valve lesion, but the slight aortic regurgitation present was not sufficiently 
severe to influence the progress after operation. Five of the eight were in atrial fibrillation before 
Operation. 

The general heart size before operation in this group was within that of the average range of 
patients selected for mitral valvotomy in this hospital (Mounsey, 1957). Five patients showed 
moderate and one slight enlargement. Only two showed considerable enlargement, but this was 
123 
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largely due to a dilated right atrium and with the exception of these two who had slight tricuspid 
incompetence before operation, none had enlargement of the right atrium before operation. 

The electrocardiogram showed evidence of considerable right ventricular preponderance in two 
patients and moderate preponderance in the third, the figures for whose pressures at catheterization 
have already been given. Of the three in sinus rhythm before operation, two merely showed bifid P 
waves of the type commonly seen in mitral stenosis, with, in addition in one, prolongation of the P-R 
interval to 0-3 seconds. One, however, showed tall spiked right heart P waves, which were thought 
later to be evidence of tricuspid stenosis. 

Slight pre-existing tricuspid incompetence was seen in two patients. Both showed enlargement 
of the right atrium before operation (Fig. 1). In one patient a cv wave in the jugular venous pulse 





Fic. 1.—Postero-anterior radiogram of the chest before mitral 
valvotomy. Marked enlargement of the right atrium. Signs of 
tricuspid incompetence slight before, and _ greater after, 
valvotomy. 


was seen at one attendance only in the Out-patient Department, and had subsided when she was next 
seen. In the other the cv wave was brought out on exertion, but subsided with rest. 

Tricuspid stenosis of slight degree was probably present in one patient before operation, on the 
evidence of tall peaked right heart P waves in the electrocardiogram without right ventricular pre- 
ponderance (Fig. 2). The jugular venous pressure was slightly raised, although the a waves were 
not very large. Cardiac catheterization was not carried out on this patient. 


THE DIAGNOSIS OF TRICUSPID INCOMPETENCE 


Tricuspid incompetence was diagnosed on clinical grounds and no patient was examined after 
operation by cardiac catheterization or by dye dilution techniques. The clinical criteria were 4 
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positive cv wave seen on inspection of the jugular venous pulse (Fig. 3); enlargement of the liver 
with systolic pulsation; right atrial enlargement in the radiogram (Fig. 1); and a systolic murmur 
loudest at the lower sternal area. Least emphasis was placed on the systolic murmur, since in 
patients with a very severe degree of incompetence the murmur is sometimes trivial or absent. 
Deep inspiration usually served to accentuate the cv wave in the jugular venous pulse and the pul- 
sation in the liver, and to increase the loudness of the murmur. 

There were two other clinical signs, which were not constant, but were noticeable in some patients. 
First, a right ventricular heave due to increased right ventricular stroke output, consequent on the 
backward flow through the incompetent valve. Secondly, a right ventricular diastolic thrust, due 
to the surge of blood in early diastole from the right atrium into the ventricle, because of the high 
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Rad. 
Fic. 2.—Electrocardiogram before mitral valvo- Fic. 3.—Jugular and radial pulse records on Mackenzie 
tomy. Tall peaked right atrial P waves, polygraph, showing cv wave in jugular venous pulse. 


without right ventricular preponderance. 


right atrial pressure at the end of systole in tricuspid incompetence (Mounsey, 1957). This thrust 
was accompanied by the descent of the v wave in the jugular venous pulse, and sometimes also by an 
early diastolic murmur (Miiller and Shillingford, 1954). 


THE CLINICAL SYNDROME OF POST-OPERATIVE TRICUSPID INCOMPETENCE 


The onset of tricuspid incompetence after mitral valvotomy was insidious, and there were usually 
no accompanying subjective symptoms. 

In five of the eight patients tricuspid incompetence developed about the fourteenth post-operative 
day. Inthe other three, the date of onset was uncertain, but it was first noticed two months after 
Operation in two, and one year after in the other. 

The degree of incompetence varied: in six patients it was considerable, the systolic cv wave in the 
jugular venous pulse reaching the angle of the jaw: in the other two it was slight and only clearly 
seen in the jugular pulse after exertion, when the cv wave was 5 to 7 cm. above the sternal angle, with 
the patient laying at 45°. In all patients the liver was enlarged, being four fingers’ breadth below the 
costal margin in the two affected most severely, two to three fingers’ breadth in the intermediate 
group, and just palpable in the two with the mildest degree. Systolic pulsation of the liver was 
noted in every patient, of a degree parallel with the height of the cv wave in the jugular venous pulse. 

Increase in size of the right atrium following mitral valvotomy was seen in six patients. This 
was assessed in a postero-anterior radiogram: it was usually obvious six weeks after operation, when 
the pleural and pericardial effusions had absorbed, and did not appear to enlarge further in the 
‘subsequent follow-up period. The degree of enlargement varied: in three patients it was considerable 
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A B 


Fic. 4.—Postero-anterior radiogram of the same patient, (A) before, and (B) after, mitral valvotomy. Moderate 
enlargement of the right atrium after valvotomy. 


A B 


Fic. 5.—Postero-anterior radiograms of the same patient, (A) before, and (B) after, mitral valvotomy. Slight 
increase in size of right atrium after valvotomy. 
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(Fig. 4), while in the remaining two, it was only slight (Fig. 5), which correlated well with the mild 
degree of incompetence in these two. 

In the two patients with slight tricuspid incompetence before operation, the right atrial enlarge- 
ment already present did not increase after mitral valvotomy with the development of increased 
incompetence. 

Atrial fibrillation developed in the immediate post-operative period in the three patients with 
sinus rhythm before mitral valvotomy. In all three the onset of fibrillation preceded the develop- 
ment of tricuspid incompetence, since it occurred within the first ten days of operation, whereas 
tricuspid incompetence was never seen under a fortnight. 

It was sometimes difficult to distinguish the onset of tricuspid incompetence from a post-operative 
pericardial effusion (Papp and Zion, 1956), for both complications may develop within the same 
post-operative period and both give rise to an increase in the jugular venous pressure. In the 
presence of a pericardial effusion the general level of the jugular venous pulse is raised, but the 
wave form appears normal. In tricuspid incompetence, on the other hand, the systolic cv wave 
form is abnormal, and this, combined with the accompanying systolic pulsation of the liver, is diag- 
nostic of the condition. Another point, which sometimes helped to distinguish the two conditions, 
was the frequent presence of substernal pain and pyrexia and the characteristic generalized cardiac 
enlargement in the radiogram, when the signs indicated pericardial effusion. Where, however, both 
a pericardial effusion and tricuspid incompetence developed together after operation, as happened 
in two patients, it was difficult to be certain of the degree of incompetence, until the effusion had 
subsided. 


PROGRESS AFTER OPERATION 


In contrast with the obvious signs of tricuspid incompetence in the neck, the general progress 
after valvotomy has been good and the symptoms attributable to the tricuspid lesion few. Two of 
the patients have now been followed for four years since operation, two for three years, one for two 
years, two for one year, and one for six months. All are living and with one exception are in good 
health and are pleased that they had the operation. They feel that their breathing has been im- 
proved and, whereas previously they were very restricted in their activities, they are now able to lead 
useful lives, doing light household duties. Three complain of a feeling of fulness at times beneath 
the left costal margin, due to hepatic congestion, and these three need regular diuretics to keep 
them free from cedema. Ail the patients are digitalized, this being necessary in seven on account of 
atrial fibrillation. 

Only one patient has deteriorated. At operation, a supple mitral valve was split, with enlarge- 
ment of its long diameter from 1 cm. to 3 cm., but a small regurgitant flow was felt, which was 
unaffected by valvotomy. There was no clinical evidence of pulmonary hypertension, the heart was 
moderately enlarged (Fig. 4, A) and she had never been in congestive failure. Atrial fibrillation 
had become established four months before operation. There was evidence of slight aortic incom- 
petence, but none of a pre-existing tricuspid valve lesion. Following mitral valvotomy, gross tri- 


cuspid incompetence gradually developed, with an accompanying low output state, general debility 
and poor nutrition: in addition recurrent bronchitis became troublesome. There has been no 


significant change in her condition over the past four years since mitral valvotomy. 


MECHANISM 


Two causes of post-operative tricuspid incompetence were examined, namely, general factors 
that might precipitate right heart failure with functional tricuspid incompetence, and local factors, 
either in the form of tricuspid valvulitis from re-activation of rheumatism in the immediate post- 
Operative period, or the unmasking of a latent tricuspid valve lesion as a result of mitral valvotomy. 
Among general factors considered were inadequate splitting of the mitral valve, great generalized 
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cardiac enlargement, congestive failure unrelieved by operation, severe pulmonary hypertension, 
and finally aortic valve lesions. 

Splitting of the mitral valve had been successfully performed in all patients in this group. All, 
except one, had tight stenosis before operation, the long diameter of the valve measuring about | cm., 
and the average diameter after valvotomy was about 3cm. The patient without tight stenosis was 
found to have a valve with a long diameter of 2 cm., but splitting was specially successful in her 
case, and the surgeon reported a nearly normal valve with a long diameter of about 4 cm. after opera- 
tion. Only one patient had calcification of the mitral valve and in this case it was slight and con- 
fined to the contact margins of the cusps and was unlikely to have interfered with the success of 
valvotomy. Slight mitral incompetence was present before operation in two patients, but was 
never the dominant lesion: in neither of these was it increased by valvotomy. In one patient, how- 
ever, mitral incompetence was produced at operation, although only of slight degree. 

Great cardiac enlargement was not a feature of the group, only two of the patients showing more 
than the average slight to moderate enlargement seen in patients selected for mitral valvotomy in 
this hospital. Recurrent attacks of congestive failure were seen in only two of the patients before 
operation. Pulmonary hypertension of severe degree was met in only two and of a lesser degree in 
a third. No patient had associated aortic valve disease of sufficient degree to prejudice the success 
of valvotomy, slight aortic incompetence being present in two only. 

There seemed, therefore, to be no general cause, common to all patients, that might have been 
responsible for right heart failure and accompanying functional tricuspid incompetence after mitral 
valvotomy. 

Having largely excluded functional tricuspid incompetence as the cause of the syndrome, local 
organic lesions of the tricuspid valve remained to be considered. Apart from two patients, in 
whom a pyrexia accompanied a large pericardial effusion, none had clinical evidence of active 
rheumatism in the post-operative period, such as a significant pyrexia, persistently raised sedimen- 
tation rate, or painful swollen joints. In the absence, therefore, of any general signs of active 
rheumatism, it seemed unlikely that acute tricuspid valvulitis, developing in the immediate post- 
operative period, could have been the cause of the syndrome. 

Unmasking of pre-existing tricuspid valve disease as a result of successful mitral valvotomy was 
the final possibility examined. After successful relief of tight stenosis by mitral valvotomy, the 
stroke output of the left ventricle is probably increased as a result of improved left ventricular filling 
(Dickens et al., 1957). The right ventricular stroke output is increased pari passu, and the 
diastolic volume of the right ventricle is enlarged to deliver this increased output. It is likely that 
the tricuspid ring dilates as well as the body of the ventricle in this process, and thus, a previously 
scarred, but competent, tricuspid valve might be rendered incompetent. The very success, there- 
fore, of mitral valvotomy may itself unmask a previously latent tricuspid valve lesion. 

Slight scarring of the tricuspid valve without clinical evidence of incompetence or stenosis is not 
an uncommon finding at autopsy in patients with mitral stenosis. Gross and Friedberg (1936) found 
microscopical evidence of rheumatic inflammation in the tricuspid valve almost as often as in the 
mitral valve, but noted that significant incompetence or stenosis was uncommon. Evans (1956) 
states that tricuspid valve disease is present in about one-fifth of patients with rheumatic heart 
disease, but that clinical diagnosis is possible only in about one-tenth. In the less severe cases, the 
anatomical damage to the valve amounts to little more than thickening of the edges of the cusps, 
with consequent slight reduction in their width, and in addition some shortening of the chorde 
tendinee. It may well be that such a valve, although capable of functioning normally under 
conditions of low stroke output imposed upon it by mitral stenosis, becomes incompetent after relief 
of mitral stenosis, when a more normal and flexible cardiac output becomes possible. Hollman 
(1957) has shown that the tricuspid valve is specially prone to become incompetent owing to its 
tri-foliate structure. 

In support of this suggestion may be cited the three patients, who had signs suggesting a minor 
tricuspid valve lesion before mitral valvotomy, there being evidence of slight tricuspid stenosis in 
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one and of slight incompetence in the other two. Two had had a very successful mitral valvotomy, 
the long diameter of the valve being enlarged from 1 to 3-5 cm. in one and from 2 to 4 cm. in the 
other: in the third patient valvotomy was less complete, the final diameter of the valve measuring 
2:5 cm. All three have now developed gross tricuspid incompetence, the cv wave in the jugular 
venous pulse being 10 to 12 cm. above the sternal angle with the patient lying at 45°. Whereas 
before mitral valvotomy the tricuspid valve functioned nearly normally in these patients, after 
successful mitral valvotomy with resultant increase of the stroke output of the heart from a relatively 
low to a more normal level, permanent and gross tricuspid incompetence followed. 

Finally, the high incidence of atrial fibrillation, in this group of patients after operation, suggests 
that fibrillation predisposes to the development of tricuspid incompetence. Seven of the eight 
patients were in atrial fibrillation after operation, five having been fibrillating before operation and 
two developing permanent fibrillation after it. Goodwin et al. (1957) pointed out that, in 
patients with tricuspid stenosis, associated tricuspid incompetence appeared to increase after the 
onset of fibrillation. With one exception, none of our patients had clinical evidence of tricuspid 
stenosis before mitral valvotomy, but it may be that rheumatic scarring of the valve without actual 
stenosis predisposes similarly to incompetence, when fibrillation develops. Thus, a third factor 
may be added to the cause of this syndrome, namely atrial fibrillation supervening in a patient with 
slight scarring of the tricuspid valve, following a successful mitral valvotomy. 


SUMMARY 


An uncommon though important complication of mitral valvotomy for mitral stenosis is 
described. Permanent tricuspid incompetence comes on soon after a successful mitral valvotomy, 
without any obvious cause for sudden right heart failure, in a patient in whom tricuspid incompe- 
tence was absent or only transient or of slight degree. 

In spite of the development of tricuspid incompetence, the general progress after mitral valvo- 
tomy is favourable. 

It is suggested that unmasking of a previously latent and minor tricuspid valve lesion as a result 
of successful mitral valvotomy is the cause of the syndrome, atrial fibrillation being a contributory 
factor. 


I should like to thank Dr. William Evans, Dr. Wallace Brigden, Mr. Vernon Thompson, and Mr. Geoffrey Flavell 
for their helpful advice and encouragement in the preparation of this paper. Thanks are also due to Mr. William Dicks, 
Mr. Raymond Ruddick, and Miss Gwen Clarke for technical assistance. 
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Polythelia (7oAvs=many; 6yA7j=nipple) or the presence of accessory nipples has long been held 
to be an atavistic manifestation (Lichtenstern, 1878; Darwin, 1888). The coincidence of poly- 
thelia, therefore, increases the probability that a disease arises from a congenital predisposition to it. 

It is the purpose of this paper to examine such a view in so far as it may apply to heart disease, 
and especially to the arterial changes associated with hypertension, both systemic and pulmonary. 


SCOPE OF THE INQUIRY 


Polythelia was sought in 2000 consecutive cases examined on account of symptoms that sug- 
gested some cardiovascular disorder. Following clinical, electrocardiographic and cardioscopic 
examination, 1059 subjects were found to be free from disease. In the remaining 941 patients 
some affection of the cardio-arterial system was present in most of them. 

The search for accessory nipples was made exclusively along the embryonic milk line which 
extends from the axilla to the groin (Fig. 1). This primary line is seen in the human embryo at 
the sixth week as a ridge of ectoderm joining the bases of the upper and lower limb buds on each 
side of the trunk. As pointed out by Bruce (1879), elements of the supernumerary nipple include 
papilla, areola, follicle, and hair, and in a given case these are variously represented (Fig. 2, 3, and 
4). Provided the suspected vestige lies along the embryonic milk line, its identification is never in 
doubt, and it needs emphasis that often it appears as a mere depressed dimple (Fig. 4). During 
the assembling of the present series, no example of accessory nipple was met with that was away 
from the milk line, nor did any instance of polymastia occur. Such skin lesions as congenital moles 
or stains, plane warts, or papillomata were easily identified even when situated in the course of the 
milk line as sometimes happened. 

It was unusual to find accessory nipples occupying a site above the level of the natural nipples, 
and most commonly they presented a short distance below, and always above the level of the 
umbilicus in this series. 


INCIDENCE IN HEALTHY SUBJECTS 


Guest (1923) found extra nipples in 83 among some 20,000 school children, an incidence of only 
0-4 per cent. In seven the accessory nipple was on both sides, otherwise it was single; it was 
commoner in the girls for 53 were girls and 30 were boys. de Cholnoky (1939) found polythelia 
in 1 to 2 per cent of the population, and Hamblen (1945) gave a rough estimate of 1 per cent. 
Experience does not confirm a statement made by Keith (1948) that one or more supernumer- 
ary nipples found between the axilla and groin, indicating a wide distribution for these 
ancestral glands, was a common occurrence. 

In my series polythelia was present in 49 among 1059 healthy subjects, an incidence of nearly 
5 per cent. Only one accessory nipple was found in the majority, but it was not rare to find two, 
and exceptionally three. The incidence disclosed no significant sex preponderance. 
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Fic. 2.—A single accessory nipple in a patient with mitral stenosis uncomplicated by 
pulmonary hypertension. 
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FiG. 3—Two accessory nipples (one magnified in lower picture) from a patient with 
systemic hypertension. 


Fic. 4.—The common diminutive type of accessory nipple (magnified in picture on the right) from a 
patient with mitral stenosis and pulmonary hypertension. 
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POLYTHELIA IN PATIENTS WITH CARDIO-ARTERIAL DISEASE 


Among the 2000 cases examined consecutively there were many with physical signs that pointed 
to some abnormality of the cardio-arterial system. The significance of polythelia in these was 
examined after allocating the patients into separate clinical groups, namely those with acquired or 
congenital heart disease, and those showing a raised blood pressure either in the systemic or pul- 
monary circulation. 

Miscellaneous Heart Disease. Among 365 patients with cardiac infarction where cardiac pain 
was associated with characteristic electrocardiographic changes, there were 32 with polythelia. 
This incidence of 9 per cent is not significantly higher than in healthy subjects (Table I). 


TABLE I 
INCIDENCE OF POLYTHELIA IN HEALTHY SUBJECTS AND IN PATIENTS WITH HEART DISEASE 











Valvular 
Congenital Cardiac heart disease 
Clinical state Healthy heart disease infarction —________—_— 
Aortic Mitral 
Total a a: 1059 107 365 81 186 
Polythelia .. sl Le 49 15 32 8 26 
Near percentage .. “a 5 14 9 9 14 





Out of 81 patients with aortic valve disease there were 8 instances of polythelia, an incidence of 
9 per cent, which was no different in the cases of aortic stenosis, where the lesion in some might have 
been congenital by nature, and in the cases of acquired aortic incompetence. A higher incidence of 
14 per cent in mitral valve disease is a reflection of the common association with pulmonary 
hypertension, and this is discussed later in the text. 

In 32 patients there was evidence of myocardial disease other than cardiac infarction from coro- 
nary arterial disease, and none of them presented with cardiac pain. Polythelia was found in 
14 (44°) of these. Nine of the cases showed bundle-branch block, four had complete heart block, 
and two were instances of familial cardiomegaly. In the remaining 17 patients the lesion was 
considered to be in the nature of a tardy myocardial fibrosis or myocarditis. The incidence of 
polythelia in these separate clinical states is given in Table II. 


TABLE II 
INCIDENCE OF POLYTHELIA IN PATIENTS WITH CARDIOMYOPATHY OTHER THAN FROM CORONARY ARTERIAL DISEASE 





Cardiomyopathy 





Clinical state Healthy — ——__________— 
Myocarditis Familial Bundle-tranch Complete | Total 
cardiomegaly block | heart block | 
WOE oy ie 1059 17 ys 9 4 | 32 
Polythelia aie i 49 7 2 4 1 | 14 
Near percentage st 5 — _ _ — | 44 





Congenital Heart Disease. Polythelia was present in 3 out of 26 cases of pulmonary stenosis, of 
which 19 were of the lone kind and 7 were examples of Fallot syndrome. 

It occurred only once among 11 with aortic coarctation, and was absent in two patients with 
Ebstein syndrome, one with congenital dextrocardia, and one with cardio-aortic fistula. It was 
present in a single example of Marfan’s disease. 

The incidence of polythelia in auricular septal defect, ventricular septal defect and patent ductus 
arteriosus is discussed later under pulmonary hypertension. 
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Raised Systemic Blood Pressure. There were 108 cases where the blood pressure was raised to 
readings of 200/110 mm. of Hg, and these were separated into two groups depending on the presence 
or absence of cardio-arterial derangement (Table III). 


TABLE III 


INCIDENCE OF POLYTHELIA IN PATIENTS WITH SYSTEMIC HYPERTENSION AND PULMONARY HYPERTENSION, 
COMPARED WITH THAT IN HEALTHY SUBJECTS 





| | | 
| | 





Raised Raised 
Clinical state | Healthy | systemic blood pressure pulmonary blood pressure 
| Hypertension a Hypertonia Hypertension Hypertonia 
Total i ‘i -. | 303 66 42 73 229 
Polythelia a ae 49 | 23 2 32 15 
Near percentage ee 5 35 5 44 y 





In the first group of 66 patients, the raised blood pressure was associated with contracted peri- 
pheral arteries and retinal arterioles, enlargement of the left ventricle on radiological examination, 
and left ventricular preponderance in the electrocardiogram. They were regarded as true examples 
of systemic hypertension, and as many as 23 exhibited polythelia, an incidence of 35 per cent. 

In the second group of 42 subjects, the blood pressure was raised to the same high levels, but the 
retinal arterioles were natural, there was no radiological evidence of enlargement of the left ventricle, 
and the electrocardiogram was a physiological tracing. They were regarded as examples of the 
innocent state of systemic hypertonia (Evans, 1957), and only 2 showed polythelia, an incidence of 
5 per cent. 


Raised Pulmonary Blood Pressure. The pulmonary arterial pressure was expected to be some- 
what raised in 302 patients, from atrial septal defect in 42, from ventricular septal defect in 13, 
from patent ductus arteriosus in 13, from mitral stenosis in 186, and from emphysema in 48. They 
were separated into two groups, depending on the presence or absence of a degree of raised pul- 
monary arterial pressure that had caused significant enlargement of the right ventricle sufficient 
to produce right ventricular preponderance in the electrocardiogram. 

In the first group of 73 patients, in whom the electrocardiogram showed right heart preponder- 
ance, and who were, therefore, instances of pulmonary hypertension, polythelia was present in as 
many as 32, an incidence of 44 per cent. 

In the second group of 229 patients, in whom the pulmonary arterial pressure was likely to be 
raised somewhat because of the nature of the associated lesion, but where the electrocardiogram 
showed no right ventricular preponderance, the cases were regarded as instances of pulmonary 
hypertonia. Polythelia was only present in 15 of them, an incidence of 7 per cent (Table III). 

The incidence for the separate clinical states with which the raised pulmonary blood pressure 
was associated is shown in Table IV. 

TABLE IV 


INCIDENCE OF POLYTHELIA IN THE SEPARATE CLINICAL STATES IN THE PRESENCE AND IN THE ABSENCE OF 
PULMONARY HYPERTENSION 








Pulmonary hypertension Pulmonary hypertonia 
Clinical state —____—. — —~ — - —___—— 

: Near | . Near 

| Total | Polythelia percentage Total | Polythelia percentage 
Atrial septal defect 25 17 8 47 25 1 4 
Ventricular septal defect . . 4 I — 9 1 — 
Patent ductus arteriosus . . 1 1 — 11 0 — 
Mitral stenosis 44 18 41 142 8 6 
Emphysema 3 2 45 6 
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to DISCUSSION 


_ When an anomaly is present at birth as a lone lesion, it can be open to doubt whether it is 


developmental and genetic in its inception, or acquired by the foetus in utero. Should the anomaly 
be associated with other developmental abnormalities, the supposition that it is congenital in nature 
will gain credence. For instance, multiple lesions in the heart at birth make it likely that any one 
of them is congenital, while among the associated extra-cardiac malformations that purport such a 
congenital basis are cleft palate, hare lip, spider fingers, and supernumerary digits. Recently, 
a genetic relationship between peculiarly formed ears and renal agenesis or absence of one 
kidney, has been described (Hilson, 1957). In that polythelia is an atavistic manifestation, its high 
incidence in a disease, similarly suggests for it a genetic basis. Accessory nipples have been re- 
ported in more than one member of a family. Thus, Klinkerfuss (1924) recorded a hereditary 
incidence of polythelia through four generations, and Birkenfeld (1932) observed the condition in 
twins, while Graham-Campbell (1936) reported the case of a mother with ten accessory nipples and 
— her baby with one such nipple. 


eri- The present investigation revealed a higher incidence of polythelia in congenital heart disease 
on. and in mitral stenosis than in healthy subjects, but in both clinical states this depended on the 
oles addition of pulmonary hypertension. 

Thus, a significant finding was the high incidence of polythelia in patients in whom a congenital 
the shunt as in atrial septal defect, ventricular septal defect, or patent ductus arteriosus, mitral 
cle. stenosis, or emphysema, was associated with pulmonary hypertension; the incidence was 44 per cent 
the compared with 7 per cent when these conditions were uncomplicated by pulmonary hypertension. 
> of Moreover, in systemic hypertension the same high incidence of polythelia was apparent. Thus, 


it was 35 per cent in patients in whom a high systemic blood pressure was accompanied by left 
ventricular enlargement compared with only 5 per cent in healthy subjects manifesting hypertonia 








_ only 
ben Polythelia was also a common feature in patients exhibiting cardiomyopathy arising from a 
7 cause other than coronary arterial disease, for it was present in 14 out of 32 cases, an incidence of 
aot 44 per cent. 
ae Thus, in both systemic and pulmonary hypertension and in cardiomyopathy, the incidence of 
i polythelia was significantly high (Table V). 
er- 
1 as 
TABLE V 
» be SHOWING THE INCIDENCE OF POLYTHELIA IN SELECTED CARDIO-ARTERIAL DISEASE COMPARED WITH THAT IN 
NORMAL SUBJECTS 
ram 
lary sat | , 
; Clinical state Healthy Systemic | Pulmonary | Cardiomyopathy 
hypertension hypertension 
sure ———- 
Total .. ~ a -- | HOS 66 73 32 
Polythelia = - a 49 23 32 14 
Near percentage - x 5 35 44 44 





SUMMARY AND CONCLUSIONS 


Polythelia, or the presence of accessory nipples, was sought in 2000 consecutive patients attend- 
ze ing for examination of the heart. Some form of cardio-arterial disorder was discovered in 941 of 
them, while the remaining 1059 cases showed neither disease of the heart nor of any other system. 
The incidence of polythelia among the healthy group proved to be 5 per cent. 
Among those with cardio-arterial disease, polythelia was common in three clinical states. Thus, 
it was present in 35 per cent of patients with systemic hypertension showing contracted arteries, left 
ventricular enlargement, and left ventricular preponderance in the electrocardiogram, but in only 
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5 per cent of subjects with systemic hypertonia, where the blood pressure was raised to impressive 
levels but where cardio-arterial derangement, including left ventricular preponderance in the 
electrocardiogram, was absent. 

Next, the incidence of polythelia was 44 per cent in congenital cardiac shunts, mitral stenosis, 
or emphysema, when pulmonary hypertension was present, producing right ventricular hypertrophy 
and right ventricular preponderance in the electrocardiogram. In these same clinical states when 
the pulmonary arterial pressure might be raised, but where no right ventricular preponderance 
appeared in the electrocardiogram, representing a state of pulmonary hypertonia, the incidence of 
polythelia was only 7 per cent. 

Polythelia was also a common finding (44°) among patients with cardiomyopathy arising 
from a myocardial affection other than coronary arterial disease, and assuming the form of either 
myocarditis or a tardy fibrosis. 

Since polythelia is a manifestation of atavism, its association with any particular disease suggests 
for it a genetic or congenital basis. Its high incidence in systemic hypertension, pulmonary hyper- 
tension and cardiomyopathy suggests for these three clinical states a congenital predisposition. 
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SIR ARNOLD STOTT 


Arnold Stott, who died on June 15, 1958 at the age of 72, was consulting physician and cardi- 
ologist to the Westminster and Royal Chest Hospitals. He qualified at St. Bartholomew’s Hospital 
in 1909 and after holding the usual resident appointments became first a demonstrator in pathology 
and then chief assistant in the Children’s department. He took his M.R.C.P. in 1912 and it was 
about this time that he came under the influence of Sir Thomas Lewis. Lewis recognized his ability 
at once and was keen to keep him as a whole-time assistant but Stott realised that his metier 
was not research but teaching and general medicine. His whole professional career, however, was 
profoundly influenced by his stay with Lewis and cardiology always remained his particular interest. 

He served in France throughout the first world war and for the greater part of it was a pathologist 
in one the large general hospitals near Boulogne. On his return he became first a physician to the 
Ministry of Pensions and subsequently joined the staff of the Royal Chest and Westminster Hospitals. 
In his Ministry of Pensions work, he was recognized as a cardiac expert and played a prominent part 
in the swing away from the conception of organic mitral regurgitation as one of the most common 
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cardiac lesions. The Royal Chest Hospital was a clinical gold mine for him because, under a curious 
bye-law, patients with pulmonary tuberculosis were not admitted, and more than half the out- 
patients had cardiovascular disease. Even in those early days he foresaw the possibilities of 
cardiac surgery and although the hospital finances were always critical, he succeeded almost un- 
aided in getting a modern surgical unit established. It was a severe blow to him when this old 
hospital which he had invigorated was completely destroyed by bombing in September, 1940. 

In Westminster he was the great teacher and his students found him a hard but just taskmaster. 
He understood the faults of inexperience and ignorance and there was always a twinkle in his eye 
when he corrected them, but his caustic criticism of negligence and laziness was devastating and 
salutary. His out-patient notes, written clearly and concisely in his own hand, were an example to 
his colleagues as well as to his students. In his later Westminster days much administration fell on 
his shoulders during the rebuilding of the hospital and its subsequent transfer to the Ministry of 
Health. His quick logical outlook and his foresight solved many of the difficulties of the turbulent 
committee meetings of this time; and it was the same clear judgment that was so invaluable in the 
committee of Consultants at the War Office and rightly earned him his K.B.E. 

He could have had an enormous private practice and could have played a greater part in the 
affairs of the College. Some thought he was lazy, but in fact he felt morally bound to maintain the 
family tradition in a family business—a tradition that as he saw it meant treating the employees 
more and more as partners. Throughout the disastrous pre-war years of the cotton industry, he 
regularly visited Manchester—not for financial gain which was trivial, but to maintain a standard 
in humanity and workmanship. Although almost unknown there, his influence through his 
associates must still be effective. 

Where a patient or a principle was concerned, Arno!d knew only one truth and from this no 
power on earth could make him deviate. To those who did not know him closely, this gave an 
impression of austerity but he loved good companions, good food, and good wine, and was the 
moving spirit in many medical dining clubs. He was a keen gardener and fisherman and as President 
of the Flyfishers’ Club was the ideal host. 

He became a member of the Cardiac Club in 1927 and opened a discussion on Heart Disease of 
Unknown Aetiology in 1935. He was Chairman of the British Cardiac Society when it met in 
London in 1950 and held a most successful meeting at Westminster Hospital. Few of the younger 
generation of cardiologists knew him well because his interests were so varied. He belonged to 
an era of great clinicians when the transition from empiricism to science was just beginning in 
cardiology and he was not the least of these. 

PETER KERLEY 
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CASE REPORTS 


DISSECTING ANEURYSM OF THE AORTA ASSOCIATED WITH CONGENITAL 
PULMONARY VALVULAR STENOSIS 


BY 


BYRON EVANS AND T. M. DAUNCEY 
From the United Cardiff Hospitals 


The association of congenital cardiovascular defects wich dissecting aneurysm of the aorta is 
well recognized, particularly in patients under the age of 40 years. The following case illustrates 
the rare association between dissecting aneurysm of the aorta and congenital pulmonary valvular 
stenosis. 


Case Report 
A man, aged 58 years, who was in hospital because of retention of urine, admitted only to attacks of 
bronchitis and mild breathlessness on exertion for some years. Examination, however, revealed collapse 
of the left lung (Fig. 1) and a striking systolic thrill and murmur, maximal in the pulmonary area. The 





Fic. 1.—Radiograph of the chest. showing striking collapse and fibrosis 
of the left lung. 
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blood pressure was 165/85 mm. Hg. He continued to have attacks of bronchitis and occasional hemoptysis 
but was able to return to work. 

He was re-admitted five years later following the recent onset of a tearing pain between the shoulder 
blades and beneath the sternum, together with severe breathlessness. The clinical signs were unaltered from 
those observed five years before, except that the blood pressure was now 220/110 mm. Hg. The peripheral 
pulses were normal and no abnormal neurological signs, nor external congenital defects, were found. Chest 
X-ray confirmed collapse of the left lung and showed widening of the ascending aorta. Electrocardiograms 
showed right ventricular preponderance and no evidence of myocardial infarction. The serum Wasser- 
mann and Kahn reactions were negative. Four days after admission, he had further severe pain, followed 
by a subcutaneous effusion of blood at the root of the neck and front of the chest. After some weeks, 
signs of obstruction of the left jugular and axillary veins were seen, with paralysis of the left vocal cord 
and the left dome of the diaphragm. Heart failure with auricular fibrillation followed, and death occurred 
suddenly, eight weeks after admission. 


Necropsy (Dr. B. H. Knight). The immediate cause of death was a massive hemorrhage into 
the left pleural cavity. This came from a tear in the wall of a false aneurysmal sac, 8 cm. in dia- 
meter; it was enclosed within the upper lobe of the left lung, causing compression and fibrosis of 
the lung tissue. The cavity of the sac contained organized thrombus, and was part of a dissecting 
aneurysm from the arch of the aorta to the femoral arteries. The false lumen was completely 
endothelialized and communicated with the true lumen of the aorta at one site only by a smooth 
slit 2 cm. long just distal to the origin of the left subclavian artery. The superior mediastinum was 
full of organizing blood clot. Histological examination of the involved aorta demonstrated cystic 
medial necrosis. 

There was also a pulmonary valvular stenosis of moderate degree (diameter of 1-25 cm.) with 
post-stenotic dilatation of the pulmonary arteries (Fig. 2). Both ventricles were hypertrophied 
and coronary atherosclerosis was present. 


Discussion 


The commonest congenital cardiovascular abnormality associated with dissecting aneurysm is 
coarctation of the aorta; thus, Abbott (1928) found that 38 of 200 cases of coarctation died of 
aortic rupture, and some degree of coarctation was discovered in 131 of 300 cases of aortic dis- 
section reviewed by Shennan (1934) and in 45 of 141 reviewed by Schnitker and Bayer (1944). 
Other associated congenital defects include bicuspid aortic valves, aortic and sub-aortic stenosis, 
septal defects, and persistent ductus arteriosus. In many cases these are part of more widespread 
congenital defects thought to affect tissues of mesoblastic origin, such as arachnodactyly, in 
which dissecting aneurysm is a recognized cause of death. No reference was found to pulmonary 
stenosis associated with dissecting aneurysm, although Whitfield et a/. (1951) mention pulmonary 
stenosis in arachnodactyly, and Abbott (1928) noted pulmonary atresia and stenosis in cases with 
coarctation of the aorta. 

The association of congenital abnormalities and aortic dissection is of interest since a character- 
istic defect in the aortic media—cystic medial necrosis of Erdheim—has been described in most 
cases. This defect in dissecting aneurysms of younger age groups appears to be histologically 
identical with those occurring in pregnancy and in older hypertensive subjects. It is considered 
to be one of the most important factors in pathogenesis, although it is uncertain if it is a congenital 
defect of connective and elastic tissue of the media in the younger groups or a degeneration in the 
older. It is interesting to note that similar changes have been induced experimentally by feeding 
animals with tyramine (Duff, 1939) and certain seeds (Ponseti and Baird, 1952). 

This case also demonstrates the remarkable occurrences of a silent, or asymptomatic, initial 
dissection and a prolonged course of at least five years. Although several cases have been reported. 
silent dissection is uncommon, but it may be that the pain is masked in some instances by syncope 
which is occasionally the presenting symptom. It is generally agreed that in about 10 per cent of all 
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cases, the dissecting aneurysm of the aorta becomes healed. and often the patient survives for up 
to eight years. 





Fic. 2.—Photograph showing the dilated right pulmonary 
artery (R.P.A.) beneath the aortic arch (A.A.). 
Blood clot obscures the entrance (E) that leads from 
the lumen of the dissection (D) to the false sac in 
the left lung. 


Summary 


The clinical details and necropsy appearances are described of a case of silent dissection of the 
aorta with prolonged survival. The patient had also congenital pulmonary valvular stenosis. 
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CARDIAC INVOLVEMENT IN ERYTHEMA NODOSUM ASSOCIATED WITH 
PULMONARY TUBERCULOSIS 


BY 


J. W. B. FORSHAW 
From the Royal Southern Hospital, Liverpool 


Erythema nodosum is now generally considered to be a response of the body which may be 
provoked by bacteria or chemical agents. The condition is often a manifestation of sarcoi- 
dosis (James ef al., 1956) although a number of cases are associated with pulmonary tuberculosis 
(Middlemiss, 1949; Wynn-Williams and Edwards, 1954). Hemolytic streptococci and sulphona- 
mide drugs are the responsible agents in a minority of cases. 

Evidence of cardiac involvement in erythema nodosum has rarely been reported. Neidhart 
and Rumrich (1950) have described four cases of erythema nodosum associated with pulmonary 
tuberculosis, in which there was clinical and electrocardiographic evidence of myocarditis. How- 
ever, in the larger series of cases of erythema nodosum which have been reported recently (Middle- 
miss, 1949; Wynn-Williams and Edwards, 1954; James et al., 1956) there has been no mention of 
cardiac involvement, but electrocardiograms have not usually been done. 

The present report is of a case in which there was electrocardiographic and clinical evidence of 
myocardial damage during an attack of erythema nodosum. Subsequently the cardiogram 
reverted to normal, and radiographic evidence of pulmonary tuberculosis developed. 


Case Report 


A boy, aged 17, was admitted to hospital in January 1957. One week previously he had developed 
painful red lumps on both legs, an intermittent sharp pain in the left side of his chest, and general malaise 
with shivering, sweating, and anorexia. The only previous illness was an attack of tonsillitis which he had 
had one year previously. Two years previously his brother had pulmonary tuberculosis; at this time the 
patient’s chest radiograph was normal and his Mantoux test was positive at 1 : 100 dilution. 

On examination, he was a well-nourished youth with a healthy general appearance. His temperature 
was raised to 102° F., and there were numerous tender red nodules on both legs. There were systolic 
murmurs of moderate intensity at the apex and the pulmonary areas of the heart but there were no signs 
of cardiac enlargement. The joints appeared normal and the fauces were not inflamed. 


Investigations. Hemoglobin 83 per cent (12:3 g.); white blood cells 8100 per cu. mm. (normal differ- 
ential count); E.S.R. (Wintrobe) 49 mm. in one hour. Urine normal. Throat swab culture, no growth of 
hemolytic streptococci. Chest radiograph, some enlargement of the hilar glands but lung fields normal. 
Electrocardiograms showed deep inversion of the T waves in leads II, III, and V6, and raised S-T segments 
in leads V2 and V4 (Fig. 1). 


Treatment and Progress. Calcium aspirin 20 grains q.i.d. was given for six days, and then 10 grains t.i.d. 
fo. 17 days. The pyrexia settled on the fourth day of treatment, and the E.S.R. fell to 7 mm. in one hour 
within three weeks. The erythema nodosum cleared up over a period of ten days. Serial electrocardio- 
grams taken over a period of ten weeks showed that the T waves in leads II and V6 were upright six days 
after the start of calcium aspirin therapy, and that the T wave in lead III gradually became less inverted. 
The S-T segments in leads V2 and V4 remained persistently raised. 

At the time of his discharge from hospital, seven weeks after the onset of the illness, the patient was 
free from symptoms but the cardiac murmurs were still present. He remained free from symptoms when 
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Fic. 1.—Electrocardiograms, showing inversion of T waves in leads II, 
III, and V6 during attack of erythema nodosum and subsequent 
reversion to normal. 


he attended the out-patient clinic one month later, but a further radiograph of the chest showed the develop- 
ment of an opacity in the right lung in the region of the second intercostal space. 

Two months later (June, 1957) a further radiograph showed no change in the appearance of the right 
lung and hilum. The E.S.R. was raised to 27 mm. in one hour, and the Mantoux test was strongly positive 
(1: 1000 dilution). He was unable to produce any sputum, but examination of gastric washings for tubercle 
bacilli was negative. The cardiac systolic murmurs had now disappeared. 

In view of the appearance of the chest radiographs and the strongly positive Mantoux test, a presumptive 
diagnosis of pulmonary tuberculosis was made and treatment was started with streptomycin 1 g. daily 
and isoniazid 100 mg. three times daily. This treatment has been continued, and a radiograph in October 
Showed that there was some resolution of the lesion in the right upper lobe. 
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Discussion 

The myocardium may be involved in allergic conditions such as serum sickness (Contro and 
Mond, 1956; Roussak, 1954), drug reactions (Pfister and Plice, 1950; Lilienfield et a/., 1950), and 
anaphylactoid purpura (MacGregor and Vallance-Owen, 1957), and it seems probable that the 
same pathological process affects the myocardium in erythema nodosum. The myocardium may 
rarely be directly affected by tuberculosis (Schnitzer, 1947) or sarcoidosis (Scotti and McKeown, 
1948), but in the present case the electrocardiogram was only altered temporarily and it is more 
likely, therefore, that the myocardium was damaged by an allergic reaction than by infiltration with 
tuberculous granulation tissue. 

In this case and in the four others reported with evidence of cardiac involvement (Neidhart and 
Rumrich, 1950), the erythema nodosum was associated with pulmonary tuberculosis. In view of 
the frequent production of heart disease by hemolytic streptococci in rheumatic fever it is sur- 
prising that evidence of heart disease has not been noted in cases of erythema nodosum associated 
with hemolytic streptococcal infection. Perry (1944) considered that erythema nodosum associated 
with hemolytic streptococcal infection should not be regarded as a manifestation of rheumatic 
fever, and that when erythema nodosum was accompanied by signs of rheumatic fever they were 
two separate sequele to the same streptococcal infection. It is probable, however, that this 
distinction between erythema nodosum and rheumatic fever may not usually be made, and that 
cases of streptococcal erythema nodosum with evidence of heart disease tend to be diagnosed as 
rheumatic fever and are excluded from the reported series of cases of erythema nodosum. 


Summary 


Signs of myocardial damage appeared in a youth during an attack of erythema nodosum. 
There was no evidence of hemolytic streptococcal infection, and two months after the onset of the 
disease he developed radiographic evidence of pulmonary tuberculosis. 

It is suggested that the cardiac manifestations were due to an allergic reaction rather than to 
tuberculous infiltration of the myocardium. 


A review of previously reported cases suggests that involvement of the heart in erythema nodo- 
sum rarely occurs. 


I wish to thank Dr. G. M. S. Ryan for permission to publish this case. 
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IDIOPATHIC MYOCARDITIS INVOLVING THE BUNDLE OF HIS 
BY 


TADEUSZ TLUSTY 
From the Central Laboratory and Children’s Hospital, Sunderland Hospitals Group 


The association of clinical heart block with histological evidence of infiltration of the bundle of 
His, but without involvement of the ventricular myocardium, in a six-year-old boy is described. 


The illness began with generalized abdominal pain and vomiting, accompanied by sore throat and head- 
ache. During the first night he had several attacks described as fits. On the second morning his pulse was 
60 a minute and he appeared well, but that afternoon was again ill with abdominal pain and a heart rate of 
40 a minute. He was admitted to the Children’s Hospital, Sunderland. 

On initial examination the tongue was slightly furred, the throat inflamed, and the temperature 101° F. 
The heart rate was 52 a minute and there was a blowing apical systolic murmur. Slight enlargement of the 
liver was present. He looked well and no anxiety was felt about his general condition, although the slow 
pulse rate caused much speculation. Enteric fever was considered and chloromycetin palmitate was given 
in doses of 250 mg. six-hourly. On the third day the lips were cyanosed and the liver was larger: his heart 
rate was about 40 beats a minute. 

Early on the fourth day he collapsed suddenly, with an irregular heart beat about 20 a minute, Cheyne— 
Stokes respiration, a few basal crepitations, and a large tender liver. He had complete heart block, with 
partial right bundle-branch block, auricular rate 100, ventricular rate 28 a minute, and notched QRS com- 
plexes of 0-1 sec. duration. 

Thereafter he was nursed in an oxygen tent. Atropin was given without affecting the heart rate. He 
remained critically ill throughout the fourth day; there was constant cyanosis and bradycardia of 20-25 
beats a minute. He had several short convulsions and vomited many times. A provisional diagnosis of 
Fiedler’s myocarditis was made. Cortisone, 25 mg. six-hourly by intramuscular injection, made no obvious 
difference. The boy died on the morning of the fifth day. 

His previous history contained little significant information. He had been immunized against diphtheria 
at the age of 24 years and had had measles and whooping cough. His parents and three siblings were well. 

Throat swab showed neither hemolytic streptococci nor Corynbacterium diphtherie. Stool culture 
revealed no pathogens. Blood culture remained sterile. A blood count showed hemoglobin 10-8 g. per 
100 ml.; W.B.C., 1600 per cu. mm.; differential count, neotrophils 76 per cent, lymphocytes 19 per cent 
and monocytes 5 per cent. Chest X-ray and examination of spinal fluid gave normal results. 


Necropsy Findings. The boy was well developed for his age. A few small petechiz were present on the 
lower abdomen and over the sternum. Small amounts of fluid were present in all cavities. The lungs, liver, 
and spleen were congested. The heart was of average size (110 g.) and showed no gross abnormality. 
Sterile pus was present in both middle ears. Swabs taken from the throat revealed no pathogens and the 
pericardial fluid was sterile. 


Histology. There were no significant findings in any organ, except the heart, which was infiltrated with 
neutrophils, lymphocytes, plasma cells, macrophages, and occasional eosinophils (Fig. 1). The parts of the 
heart involved were the whole of the walls of both atria, including the upper end of the crista terminalis and 
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opening of the coronary sinus; a distinct subendocardial band (Fig. 2) corresponding to the anatomical dis- 
tribution of the left branch of the bundle of His and its ramifications; and a small area in the thickness of the 
upper third of the septum. No other part of the myocardium and no part of the endocardium was involved. 
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Fic. 1.—Section of interventricular septum, showing FiG. 2.—Section of interventricular septum. _ Infiltra- 
subendocardial infiltration. Magnification x 260. tion of the left branch of the bundle of His. 
Hzmatoxylin-eosin. Magnification x 80. Hzmatoxylin-eosin. 





The conductive cells of the left bundle branch could be identified most clearly in the middle and lower 
parts of the septum by morphological characteristics and by a positive staining reaction with periodic acid- 
Shiff, which was absent in sections predigested with saliva. When stained with methyl-violet, slight meta- 
chromasia was present. Histologically the remainder of the myocardium showed no change and striation 
was well preserved. 


Technique of Tracing Distribution of Infiltration. A block from the interventricular septum showed 
subendocardial infiltration, in the presumed position of the left branch of the bundle. Sections including 
both atrial and ventricular wall showed diffuse infiltration of the former with no involvement of the latter. 
Further blocks were taken to trace the distribution of the infiltration in the septum and ventricular wall; 
they were numbered, and then marked with small incisions to indicate the anterior and posterior aspects. 
As each piece of tissue was removed, the gap was filled with a cork block of identical size, marked with a 
corresponding number. Horizontal paraffin sections stained with H and E were examined. On the reverse 
side of the slide a small piece of adhesive cellophane paper was placed. The outline of the section was traced 
on this with coloured ink; the infiltration was marked with black ink, using a low-power lens. When dry, 
the strip of cellophane paper was removed and stuck on to a stiff white card. By this method, the infiltration 
was visualized at successive levels. The distribution of the infiltration on the left ventricular aspect of the 
septum was transferred to a life-size photograph of the heart which is reproduced in Fig. 3. 
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Fic. 3.—At centre, left ventricular aspect of the septum, showing distribution of subendocardial infiltration. The 
outer diagrams are direct tracings from the microscopical sections showing the areas of infiltration in black (see 
text). 

The sites of the bottom six sections from the right side of the heart, and of those from the left atrio-ventricular 
junction, are not seen in the photograph. 

Blocks without numbers showed no evidence of infiltration. Block 1 shows only infiltration of the right atrial 

wall, the aortic wall being free. 
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Discussion 


Since Fiedler’s (1899) original description of idiopathic myocarditis, over 100 similar cases have 
been reported, often termed primary, isolated, or Fiedler’s myocarditis. The distribution is world- 
wide and all age groups are represented, but young subjects are more commonly affected, with slight 
male predominance. In Saphir’s (1942) classification this variety is grouped under isolated myo- 
carditis. He excludes cases following infectious diseases, rheumatic heart disease, hypertension, 
coronary disease, or other definable cardiac disease. The histological description includes both 
diffuse interstitial and granulomatous infiltrations confined exclusively to the myocardium: the other 
cardiac components should be unaffected. 

In the majority of cases the infiltrating cells consist of polymorphs, lymphocytes, plasma cells, 
monocytes, and/or macrophages. In chronic cases myocardial fibrosis and residual infiltration are 
described (Williams et al., 1953). Saphir (1942) found 240 cases of myocarditis in 5626 post-mortem 
examinations and only 15 of these could be defined as isolated myocarditis. 

In another series of 97 cases, all children, Saphir et al. (1944) only found three examples of 
idiopathic myocarditis. Drennan (1953) reported two cases in newborn babies and quoted three 
others: he discussed the relatively uncommon parenchymatous lesion and compared it with a 
commoner interstitial type. Amongst the more recent publications Williams et a/. (1953) reported 
14 cases in infants and children, which included both acute and chronic types: the main clinical 
features were tachycardia out of proportion to the temperature, cyanosis, and cardiac enlargement. 

Several known factors are responsible for a type of lesion similar to that seen in the idiopathic 
myocarditis. Amongst these are sulphonamide allergy, arsenical intoxication, influenza, pneumonia, 
diphtheria, and poliomyelitis. Neither the clinical, bacteriological, or histological findings supported 
any of these as being the responsible agent in the present case. Rheumatic myocarditis was unlikely 
in view of the clinical picture, absence of Aschoff nodes, and absence of fibrosis. There was no 
suggestion of syphilitic etiology, gummata not being present. Parasites and ova were not seen. 
There was no evidence to suggest avitaminosis. 

One case out of fourteen children presented bradycardia (Williams ef a/., 1953). In that par- 
ticular case the infiltration was described as patchy, but there were no anatomical details of distribu- 
tion. Heart block is uncommon in this age group, but has long been recognized in association with 
congenital ventricular septal defect and has also been described in association with congenital 
fibrous body neoplasms, cysts, traumatic lesions, and as a result of toxic damage especially following 
diphtheria. All these conditions, except the last, were excluded by necropsy. 

The interest of the present case lies first in the correlation between the clinical and pathological 
findings,’and secondly in the localization of the histological lesion, which is confined to the atria and 
ventricular conducting tissue. 


Summary 


A case of acute idiopathic myocarditis in a six-year-old boy is described. Progressive bradycardia 
and heart block were the distinctive signs. A simple technique for demonstrating the anatomical 
distribution of the infiltration is described. Both atria were densely infiltrated. Infiltration below 
the atrio-ventricular junction appeared to be confined to the bundle of His and its ramifications. 


I should like to thank Dr. T. C. Noble for his help with the clinical notes, and Dr. J. F. Wilson for permission to 
publish this case. To Miss B. D. Stuart I am indebted for secretarial assistance. Mr. W.F. Jones prepared the sections 
and Mr. J. E. Sinclair took the photographs: I am grateful to them for their painstaking work. 
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FROM THE PULMONARY ARTERY 


BY 
JOHN D. KEITH 
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Considerable variation in origin and distribution of the coronary arteries has been described 
over the years. One of the most interesting anomalies is that of the left coronary artery arising 
from the pulmonary artery in a heart without other defects, first described by Abrikosoff in 
1911. Cases were reported sporadically in the next twenty years but clinical interest was not 
aroused until Bland, White, and Garland, in 1933, integrated the clinical and pathological data and 
recorded an electrocardiogram in an infant dying of this condition. In all, nearly 50 cases have 
been reported, and the author has had an opportunity of studying 10 more at the Hospital for 
Sick Children in recent years. 

Bland et al. reported finding this aberrant left coronary once in 6800 necropsies at the 
Massachusetts General Hospital over a period of thirty-seven years. In the total group of con- 
genital heart disease we have found this anomaly to occur in 0:5 per cent of cases. In relating 
it to child population in the Toronto Heart Registry it appears once in 300,000 children. It is 
undoubtedly a rare defect but its diagnosis during life is now possible in most cases, and 
successful surgery appears within reach. 

Most instances of this defect have been found in babies who have died in the first year of life. 
However, survival into adult life is possible, and this appears to occur in approximately 15 per 
cent of cases. Kaunitz, in 1947, presented data on 7 such cases: the oldest was sixty-four and was 
first reported by Abbott in 1927. All of the adults were discovered, incidentally, at autopsy, and 
usually in subjects who had died suddenly without obvious clinical cause. 

Pathology. At necropsy the origin of the left coronary artery is not immediately visible and 
attention is attracted first to the grossly enlarged left ventricle of aneurysmal proportions, with a 
ventricular wall that appears somewhat thin in proportion to its size. In most studies the left 
ventricular wall is actually normal in thickness and only occasionally is it either obviously hyper- 
trophied or pathologically thin. However, as might be expected, the right ventricle by com- 
parison is small and compressed. The total heart weight is increased (see Fig. 1). Patchy fibrosis 
is found in the left ventricle, particularly at the apex, and over the anterior portion of the myo- 
cardium (Fig. 2). It involves all layers down to the endocardium, and the latter shows a diffuse 
endocardial fibroelastosis. The fibrosis of the muscle of the left ventricle diminishes in degree as 
One approaches the collateral branches of the right coronary on either side. Histologically the 
muscle fibres are increased in number and may present a patchy disintegration. There is an 
increase in elastic tissue in the involved areas and often some cedema. In the more advanced cases 
calcification within the myocardium has been noted: Kaunitz (1947) reported this finding in 
slightly over half the cases. 
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The lowered oxygen content of the blood in the pulmonary artery, which may or may not be 
available to the left coronary, is obviously not the cause of the pathological changes in the muscle 
of the left ventricle, since severely cyanotic children with various other types of congenital heart 
disease do not show such histological changes. 





Fic. 1.—Arrows show orign and early course of left 
coronary artery. See also large left ventricle 
and small right ventricle. 


The right coronary arises from its usual position, and in infants appears essentially normal but 
is somewhat dilated and tortuous during its course, especially the proximal portions. In those 
surviving to adult life, it is grossly dilated and tortuous, assuming aneurysmal proportions at times. 
Further, in adults with this condition who have reached the third or fourth decade of life, the right 
coronary shows hypertrophy and frequently atheromatous deposits. In contrast the left coronary 
is smaller in calibre and is more apt to be thinner-walled and may resemble a venous channel. 

The left coronary arises from the pulmonary artery either behind the left cusp of the pulmonary 
valve or the posterior cusp. The distribution between these two sites is approximately equal. 
The usual branches arise from the left coronary and their course is that found in a normal subject. 

The endocardium of the left ventricle invariably shows some degree of endocardial fibro- 
elastosis (Fig. 2). This may be greater beneath the area of the left ventricle involved with patchy 
fibrosis. It is more diffuse and thinner histologically than that commonly seen in babies with 
primary endocardial fibroelastosis and normally placed coronary arteries. It seems possible that the 
interference with the circulation to the left heart may damage the structure of the endocardium 
sufficiently to encourage the deposition of fibrin. 

Still and Boult (1956) have presented evidence that the lesion in primary endocardial fibro- 
elastosis is associated with fine layers of fibrin on the endocardium, and such may well be the case 
in the lesion under discussion here. 


SS 








es 
















LEFT CORONARY ARTERY FROM THE PULMONARY ARTERY 











be 
cle 
‘art 
Fic. 2.—D.C., died at 5 months age. Section of left ventricle (anterior), showing patchy fibrosis of 
myocardium (F). Approximately one-third of the muscle mass has been replaced with fibrotic 
tissue. The endocardial tissues (E) show reaction similar to that seen in idiopathic endocardial 
fibro-elastosis. 
The incidence is nearly equally divided between the sexes, being slightly more common in female 
than in male patients (Kaunitz, 1947). 
The lungs are frequently involved with congestive heart failure, and may show patchy pneumonia 
and focal atelectasis. 
but Hemodynamics. If the pressure in the pulmonary artery is high enough to overcome the arterial 
oes and capillary resistance of the left coronary artery, the direction of flow will be in the usual manner 
nes. delivering blood into the coronary sinus. At best, however, such a coronary artery arising from the 
ight pulmonary will be receiving venous blood under a relatively low pressure. If, however, the col- 
nary lateral circulation from the right coronary is sufficiently large the direction of flow may be reversed 
and the anomalous left coronary then acts as a vein, conveying the blood into the pulmonary artery. 
nary At birth, when the pressure in the right ventricle and pulmonary artery is at or near normal systemic 
vual. level, the flow will be in the normal direction. As the pressure falls in the right ventricle and 
t. pulmonary artery in a matter of hours or days after birth, the flow will diminish until it approximates 
bee to that coming from the right coronary via the collaterals. In infants with this anomaly who have 
tchy heart failure the pressure may become raised again in the pulmonary artery to a degree that will 
with permit a flow through the anomalous coronary in the usual direction. Bland and White speculated 
t the on this mechanism in 1933. 
‘ium Only one of 5 cases, in which angiocardiographic studies have been carried out, revealed opacifi- 
cation of the aberrant left coronary. In the other 4, the contrast medium filled the pulmonary 
‘bro- artery vividly but revealed no evidence of the anomalous left coronary in spite of the fact that its 





case presence was subsequently confirmed at autopsy or operation. Thus, both clinical and patho- 
: logical evidence suggests that the flow through the aberrant left coronary artery, whether in the 
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conventional or in the reverse direction, is small and offers little or no nourishment to the 
tissues supplied by it. When the collateral circulation from the right coronary at the margins of 
the areas supplied by the left is poor, severe myocardial degeneration and fibrosis will occur and 
lead to early death. When it is large, survival is possible into adult life. 


CLINICAL FEATURES 


Infants with this anomaly appear normal at birth and continue to present a healthy appearance 
for the first month as a rule. Apparently normal development may continue until the second half 
of the first year, but the majority do not survive the first six months, and have usually had signs 
or symptoms for several weeks preceding the terminal event. In many the interval is short, often 
less than a week, and one died after a severe crying spell, without any previous evidence of the 
disease (Swann, 1955). Approximately one-third have intermittent or persistent evidence of illness 
of four to six weeks duration. A smaller proportion have been a problem from two to four months 
before death. 

The evidence of illness may be grouped under three headings: (1) discomfort, (2) heart failure, 
and (3) respiratory infections. 

In many instances there are no signs and symptoms until the onset of congestive heart failure. 
In a fair proportion of babies with this anomaly there is a history of irritability and discomfort for 
several weeks or days previously. Distress has been reported after feeding and has been sufficiently 
severe occasionally to suggest anginal origin. Paroxysms of distress with pallor, sweating, and 
dyspnoea have also been noted, precipitated or made worse by feedings. 

In the cases previously reported upper respiratory disease has been a common event, 
occurring intermittently and usually associated with signs in the chest or bronchitis or pneumonia. 
Such evidence is less likely to lead one away from the underlying cardiac origin of the condition 
since an X-ray or clinical and radiological examination of the heart will reveal an enlarged cardiac 
shadow and initiate further investigation. 

The symptoms of chief importance, however, are intimately associated with the onset of heart 
failure, and they include: dyspnoea, tachycardia, wheezing respirations, cough, and occasionally 
secondary cyanosis. Dyspnoea and increase in respiratory rate occur in all cases at some time during 
their illness. 

The Electrocardiogram. The electrocardiogram in anomalous origin of the left coronary from 
the pulmonary artery is usually characteristic. The findings in 22 cases are summarized below. 
They include 10 of our own cases and 13 from reports of other pediatric centres (Fig. 3, 4, 5 
and 6). 

The rate varied from 110-260; the conduction time from 0:09-0:14 sec.; the QRS time 0-09- 
0-10 sec.; and the axis deviation from 60° to 90°. The electrical position was usually horizontal. 


Standard leads: T, inverted (22 of 23 cases), T, inverted (10 of 23 cases), T; inverted (2of 23 cases). 


ST segment lead 1: Slightly raised (10 of 23 cases), slightly depressed (8 of 23 cases). 


qR pattern in lead 1] : Occurred in 20 of 23 cases. In 2 of the remaining 3 the qR portion of the curve 
was slurred. 


qR pattern in unipolar limb lead AVL: A qr pattern was present in all cases in which AVL was 
recorded (13 cases). The Q wave was almost invariably more than 50 per cent of the R wave, but 
in one case it was 20 per cent. The T wave was inverted in AVL in 12 of 14 cases; flat in 1, and 
upright in 1. 


Precordial leads (18 cases): Evidence of left ventricular hypertrophy present in all cases (usually 
indicated by a low ratio in R/S (less than 1) in V1. 


T waves: Inverted T in V5 or V6 in 12 of 18 cases (V4 was inverted in only one case). 
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Fic. 3.—I.K. Dyspnoea from 5 weeks of age. Died at 7 weeks of age. Electrocardiogram taken the day 


before death. Necropsy control. 
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Fic. 4.—M.C. Dyspnoea for one week before the electrocardiograms were taken at 6 and 6} months 
of age. He died four days later after operation. 
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FiG. 5.—D.C. Wheezing respiration from 3 months, electrocardiogram 
at three weeks. He died at 5} months. Necropsy control. 
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gram one week before death. Necropsy control. 











Fic. 6.—D.P. Respiratory infection at 2} months. Dyspnoeaat34months. Electrocardio- 
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S-T Segment: Raised S-T segment over the left precordium in 11 of 18 cases. Usually evident in 
V5. S-T depressed slightly in 4 of 18 cases. No deviation of S-T in 3 of 16 cases. S-T segment 
usually cove-shaped when elevated. 


Q waves in left precordium: Deep Q waves usually present in V5 and V6. 


The electrocardiographic data show a rapid rate, a relatively short conduction time, an axis that is 
usually +30° or 0°, but may vary between —60° and +90°. The electrical position is characteristically 
horizontal, which is an uncommon finding in this age group in the non-cyanotic heart anomalies. 

The T wave is almost invariably inverted in standard lead 1, and is associated with a qR pattern in the 
same lead in all but a few exceptional cases. This was first pointed out by Vlad (1955) (Fig. 2). The 
exceptional cases that do not have a qR pattern usually show a slurring of the qR portion, an abnormality 
in AVL with a Q wave approximately half the R wave. 

The precordial leads commonly show inverted T waves in VS or V6, and either slight elevation or slight 
depression of the S-T segment over the left precordium. There is evidence of left ventricular hypertrophy 
in all cases, indicated by the low R/S ratio in V1. 


As is evident, these findings are characteristic of anterior myocardial infarction in adults. In 
the infants, however, there is no obstruction to the descending branch of the left coronary, but the 
area supplied by it shows a patchy cellular necrosis and fibrosis which is undoubtedly responsible 
for the electrocardiographic patterns described above. This complete pattern was first pointed out 
by Holzmann (1951). 

The tracing may change over a few days or weeks, sometimes with evidence of improvement and 
a return of the electrocardiogram closer to normal patterns. This is especially true of the cases 
that respond temporarily to digitalis. 

Radiology. The radiographic appearance of the heart in 6 cases is shown in Fig. 7. - Enlarge- 
ment of the heart is always present, with the apex protruding down and out into the left axilla. The 
left cardiac border is full and convex, the right atrial shadow is full and enlarged, particularly 
when failure is present. The lung fields may be congested. In the left anterior oblique position 
the chief feature is an enlargement of the left ventricle which protrudes back overlapping the 


vertebral column to a marked degree. 
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Fic. 7.—Anomalous origin of the left coronary from the pulmonary artery. Outlines of six cardiac 
shadows of infants with anomalous left coronary arteries. Enlargement with convex cardiac 
borders demonstrated. 
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Under the fluoroscope the cardiac borders appear quiet, while the left ventricle is enlarged in all 
views. A barium swallow demonstrates a normal left aortic arch. The congested hilar shadows 
show no evidence of pulsation. The left atrium is frequently within normal limits in size but may 
be slightly or moderately enlarged. Such enlargement is probably due to the enlarged left 
ventricle pushing the atrium back, plus the presence of increased pressure from the failing left 
ventricle. The right ventricle shows no enlargement but its border in the left anterior oblique 
view may appear more active than that of the left ventricle. 

Angiocardiography. Angiocardiography provides useful information in making a definitive 
diagnosis. A venous angiogram will demonstrate a dramatically small right ventricle compressed 
into a diminutive portion of the cardiac shadow, and giving rise to a normal pulmonary artery and 
its branches (Fig. 8). The left ventricle is greatly enlarged, rounded, and occupies nearly two- 
thirds of the cardiac outline. Its emptying is delayed. By examining the angiogram of the left 
ventricle, one can determine the thickness of its wall. This is of some importance since dilatation is 
more a feature than hypertrophy in this condition. (The reverse is true in endocardial fibro- 
elastosis). 

Visualization of the left coronary artery arising from the pulmonary artery sinuses has been 
noted once (Taussig, 1956), but demonstration of the anomalous coronary by this method is the 
exception rather than the rule because of the lower pressure in the pulmonary circulation, and the 





Fic. 8.—L.H. 15 months 24 days. Venous angiogram of baby with auricular left coronary, aged 
approximately 16 months. Small right ventricle and large left ventricle clearly shown. No 
evidence of left coronary filling from the pulmonary artery. 


higher resistance in the coronary vessels. Out of five venous or selective angiograms seen by the 
author, only the one referred to above showed any evidence of the left coronary filling from the 
pulmonary artery. 

A more profitable procedure is to do a selective aortogram with the tip of the catheter inserted 
into the femoral artery and slid up into position immediately above the aortic valves. An injection 
of a few ml. of contrast medium will fill the coronary arteries in a normal infant. When the left 
coronary arises from the pulmonary artery only the right coronary will be visualized emerging from 
the aorta (Fig. 9). It is also of interest that the right coronary will then frequently appear dilated 
and tortuous since besides its own circulation it is providing blood to part of the left ventricle via 
collaterals. 

Cardiac Catheterization. We have performed cardiac catheterization on three infants with the 
left coronary arising from the pulmonary artery. None of these presented clear-cut signs of failure 
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Right 
coronary— 
artery 





Fic. 9.—M.C. Selective aortogram with tip of the 
catheter just above the aortic valve. Right 
coronary artery is shown filling clearly but no 
evidence of left coronary. At necropsy it was 
demonstrated to be coming off the pulmonary 
artery. 


at the time of catheter study, although all had previously, before being digitalized. These findings 
were as follows. 




















IVC SVC RA RV PA PA wedge Br. artery 
LS. | 8tmo. 49% 41% 35% 37% 42% mean 7 
6/2 30/0 26/11 12 110/60 (cuff) 
MC. | 6mo. 54% 48% 54% 55% 
38/2 28/15 1 120/50 (cuff) 
LH. | 2mo. | 72% | 38% | 66% | 69% | 67% 
55/15 50/20 10 80/40 (cuff) 





These data show a wide variation in oxygen saturation of the venous blood. The highest 
pressure in the right ventricle and pulmonary artery was not accompanied by the lowest degree of 
venous oxygen saturation. The pulmonary capillary pressure was significantly increased in two 
cases where it was obtained. In each case the pressure in the pulmonary artery was above average 
but in only one was it significantly above the upper limit of normal, and that was in the youngest 
case (age 24 months). One case had a regurgitant jet through the mitral valve when explored 
surgically. 

DIAGNOSIS 
A diagnosis may now be made during life in those cases that present with signs and symptoms 


in the pediatric age group. It may be based on the following criteria. 
The baby will be in the first year of life almost invariably. The majority are brought to the 
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physician between the second and sixth months. Signs of congestive heart failure may be apparent, 
with dyspnoea or wheezy respirations. There may be a history of distress during or after feeding. 
Previous attacks of respiratory infections or pneumonia are common. 

Physical examination shows a baby that is irritable and lacks normal energy. Breathing may 
be normal or rapid. The lips are of good colour except in those cases of severe congestive failure, 
when minimal cyanosis may be recognized. X-ray of the chest shows a moderate to grossly en- 
larged heart, generalized fullness of the left cardiac border, and an especially large left ventricle. 
The electrocardiogram is most useful since it usually reveals a diagnostic pattern. Such a tracing 
is consistent with anterior myocardial fibrosis, and is characterized by a qR pattern, an inverted T 
in standard lead 1, and a similar configuration in aVL. This is coupled with evidence of left ven- 
tricular hypertrophy in the precordial leads, a deep Q wave in V5 and V6 and usually an inversion 
of the T waves over the left precordium, often with a cove-shaped S-T. These findings in a baby 
with congestive heart failure in the first year of life, are highly suggestive of an anomalous left 
coronary. To confirm the diagnosis a selective aortogram with the tip of the catheter in the aorta 
just above the aortic valve will show filling of the right coronary artery, and no filling of the left, 
thus indirectly establishing the diagnosis. 

A venous angiogram, while not likely to demonstrate the anomalous coronary may show up a 
large, relatively thin-walled left ventricle, and a small compressed right ventricle. 

The differential diagnosis includes those congenital heart anomalies that are associated with 
left ventricular hypertrophy or enlargement, such as endocardial fibroelastosis, tricuspid atresia, 
aortic stenosis, patent ductus arteriosus, coarctation of the aorta, ventricular septal defect, myo- 
carditis, and coronary calcinosis. Most of these can be differentiated with relative ease. The 
problem that presents the greatest difficulty is to differentiate between endocardial fibroelastosis 
and an aberrant left coronary arising from the pulmonary. Since both are likely to be found in 
the first year of life, age is not of much value in differentiation. However, when the onset of symp- 
toms occurs in the second year of life, one is more likely dealing with endocardial fibroelastosis than 
aberrant left coronary. The electrocardiogram will usually permit a definitive diagnosis since the 
aberrant left coronary gives a pattern of anterior myocardial fibrosis associated with left ventricular 
hypertrophy, while endocardial fibroelastosis simply presents evidence of left ventricular hyper- 
trophy (Vlad et a/., 1955). An elevation of the S-T segment in the left precordial leads is rare in 
endocardial fibroelastosis and common in the aberrant coronary. T wave inversion over the 
left precordial leads frequently involves all the complexes in the left precordium in endocardial 
fibroelastosis, whereas it is usually found in V5 or V6 in the aberrant coronary cases. A large 
Q wave followed by an inverted T wave is present almost invariably in aVL in the aberrant coronary 
cases, whereas this pattern is rarely found in endocardial fibroelastosis. 

Tricuspid atresia is not likely to constitute a problem since it is associated with obvious cyanosis. 
The murmur usually differentiates aortic stenosis, although on rare occasions in early life aortic 
stenosis may show a deeply inverted T wave over the left precordium associated with heart failure, 
and no murmur. However, the infarct or fibrotic pattern is lacking. Patent ductus arteriosus and 
ventricular septal defect can be readily differentiated. Comparison of blood pressures in arm 
and leg will rule out coarctation of the aorta. Myocarditis may present inverted T waves over the 
left precordium, but Q wave and S-T changes of anterior myocardial fibrosis referred to above are 
lacking. Coronary calcinosis may lead to left ventricular hypertrophy. However, an ischemic 
pattern may be present in the electrocardiogram. A vertical or semivertical position is character- 
istic of coronary calcinosis and is therefore like endocardial fibroelastosis. A horizontal or an 
intermediate position is usually found in left coronary from the pulmonary artery. 


PROGNOSIS 
From the evidence at hand the prognosis is poor. There are two obvious groups divided by 
age. The first and largest, comprising approximately 85 per cent of the total, is the group of infants 
presenting with signs or symptoms in the first year of life. Such babies do not survive for long. 
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The age at death is shown in the accompanying chart (Fig. 10). It will be noted that all were dead 
by the end of the second year of life. The largest number die in the first six months usually in the 
third or fourth month. These babies die of congestive heart failure in most instances, but a few 
die a sudden death with minimal evidence of failure. A respiratory infection may precipitate the 
final event. 





r 
No.of Cases 











or t &£ 3 & SD 6 7 8 9 tO tt 12 13 mos. 
Infants Age at Death 
Fic. 10.—Anomalous origin of the left coronary from the pulmonary artery. 
Age at death in infant group. Most of these infants die in first 3 or 4 
months of life. A few survive the first year of life with continued signs 


of heart failure. Those who have been discovered in adult life had no 
signs or symptoms in infancy. 


The second group (not shown in figure), comprising approximately 15 per cent of the total, 
survive to adult life and have an average age at death of thirty to forty years. One patient survived 
to sixty-four years (Abbott). These cases have not been recognized during infancy or childhood 
and most had led relatively active lives. In this group sudden and unexpected death may occur, 
or it may be ushered in by congestive heart failure. Several instances had a history of angina 
attacks extending over a period of several years. 

The first group die in infancy because of an inadequate circulation to the left ventricle. The 
second group die in the third or fourth decade for the same reason. The difference between the 
two groups is a matter of the degree of collateral circulation. While the latter group survive to 
adult life their prognosis is far short of the normal span by modern standards. 


TREATMENT 


Surgical. A variety of suggestions have been made regarding surgical therapy in this condition. 
These include the following. 
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(1) The creation of an artificial ductus by Blalock type of anastomosis that would serve the purpose of 
increasing the oxygen content of the blood in the main pulmonary artery. 

(2) Producing a constriction of the pulmonary artery just beyond the origin of the left coronary in 
order to raise the pressure in the right ventricle and thus the aberrant coronary. 

(3) The introduction of talcum powder into the pericardial cavity to increase the collateral circulation to 
the left ventricle. This was done in a case described by Paul and Robbins (1955). The baby survived the 
operation and appeared to be somewhat improved by it. 

(4) The technique of Vineberg and Buller (1955) of inserting the internal mammary artery into the 
left ventricle. The vessels in infants are very small and it is doubtful whether these infants would survive 
the procedure. 

(5) The anastomosis of a systemic artery to the left coronary, after the latter had been removed from its 
aberrant origin from the pulmonary artery. This has been attempted by Mustard (1954). Technically the 
procedure was completed, but the infant died immediately following the operation. 

(6) Currently infants have been treated by ligation of the left coronary artery in an effort to prevent that 
vessel from acting as a vein and draining off collateral flow into the pulmonary artery. Optimally this may 
have the effect of increasing the collateral flow from the right coronary into the undernourished left ventricu- 
lar tissue. Mustard (1956) has tried this once. The baby survived for eight hours post-operatively. Jenke 
(1957) recently reported a successful case in an infant who survived and has been improved by it. 

(7) Apley et al. (1957) have recently suggested that Murray’s technique of dissecting out myocardial 
infarctions be adapted to this condition. They have been brought to this point of view by a baby that 
died under their care following attempted surgery at nine months of age, and at necropsy injection of 
the left coronary revealed obliteration of many of its branches. Thus anastomosis, it was suggested, would 
have been of little benefit. This may well be true, but, with an adequate blood supply at its origin, the left 
coronary branches might well be patent in the majority of cases recognized before the terminal stages were 
reached. Even in the more advanced cases new channels might conceivably open up, especially in the 
younger patients. Regeneration of functioning myocardium may occur because the involvement is patchy 
—not uniform (see Fig. 2). 


Ligation of the anomalous left coronary at its origin still leaves left ventricular muscles with inadequate 
flow and does not preclude the possibility of sudden death or heart failure during childhood or early adult 
life. The operation of choice would appear to be an anastomosis between a systemic artery and the 
anomalous left coronary, especially if done early in the course. Mustard has demonstrated that this is 
mechanically feasible. Modern techniques may make it a practical achievement in the future. 

Medical. Temporary improvement can be achieved in most cases that present with congestive 
heart failure provided they are not in the final stages of the syndrome. A response to digitalis is 
common, leading to a diminution in liver size and decrease in respiratory rate and the clearing of 
chest signs. The electrocardiogram may also show improvement with the T waves in the left pra- 
cordium reverting to an upright position or a return of the S-T segment to the base line. However, 
all these signs of regression are temporary, and in the course of a few weeks there is a return of 
congestive heart failure leading to a fatal outcome. 

The importance of this transient improvement, however, is that it may give the surgeon a chance 
to'carry out a procedure with greater opportunity of success. 


SUMMARY 


The anomalous origin of the left coronary artery from the pulmonary artery is a rare defect 
occurring once in 300,000 children. It usually causes death within the first year of life and at 
necropsy is characterized by an enlarged, somewhat thin-walled, left ventricle, and a patchy fibrosis 
in the part of the left ventricle supplied by the anomalous coronary. The pathological change 
would appear to be related to the inadequate blood supply, more than to the oxygen content of the 
blood delivered. 

The diagnosis should be suspected in an infant in the first year of life who develops signs of heart 
failure, an enlarged heart, and an electrocardiogram with evidence of myocardial fibrosis in the 
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anterior portion of the left ventricle. The diagnosis may be largely confirmed by an aortogram 
carried out with the catheter just above the aortic valve. This will reveal filling of the right coronary 
from the aorta but will not reveal any filling of the left coronary. 

Adequate surgery has not yet been evolved but it would appear possible that an anastomosis 
might be completed between a segment of the aorta at the site of the left coronary and a systemic 
artery. If this was carried out early enough before advanced myocardial change had occurred 
normal heart function might result. 


I am indebted to MacMillan Co., New York, for permission to produce Fig. 9 from Heart Disease in Infancy and 
Childhood, by Keith et al. 
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Linear calcification of the ascending aorta is an almost specific radiological sign of syphilitic 
aortitis. If carefully sought, it can be found in about 40 per cent of patients with this disease 
(Thorner and Carter, 1948). It is therefore a valuable aid in the differential diagnosis of aortic 
incompetence, but even now its value is not fully recognized. Stroud (1950) and Scherf and Boyd 
(1948) do not mention the sign in their text-books. In his recent text-book on ‘Principles of Chest 
X-ray Diagnosis’, Simon (1956) does not specify the site of calcification of the aorta in syphilitic 
aortitis. In the course of a recent extensive survey of syphilitic aortic incompetence (Leonard and 
Smith, 1957; Smith, 1957) the value of radiological examination was apparent; an attempt is here 
made to assess more fully the contribution that this investigation can make towards accurate 
clinical diagnosis. 


MATERIAL AND METHODS 


The clinical features, prognosis, and response to treatment were studied in a series of 422 
patients with syphilitic aortic incompetence. The diagnosis was made during the years 1926-57 
at the National Heart Hospital; The London Hospital; The Middlesex Hospital; The Royal 
Infirmary, Aberdeen; The Norfolk and Norwich Hospital; St. Bartholomew’s Hospital; and the 
Royal Infirmary, Cardiff. The criteria of selection were strict and have been previously detailed 
(Leonard and Smith, 1957). For the purpose of studying prognosis all patients with saccular 
aneurysm and gross aortic dilatation were excluded. Of the 123 survivors, 50 have been personally 
examined on one or more occasions. 

The chest radiograms of 83 patients have been carefully studied. These include the 50 patients, 
that were personally examined, and a further 33, whose radiograms were available and were 
technically satisfactory. All except 10 of the patients had two postero-anterior (P-A) films taken, 
one the conventional six-foot teleradiogram and the second an over-penetrated teleradiogram with 
a stationary grid. The second P-A view is very helpful in detecting calcium in the aorta or else- 
where and in outlining the size and shape of the aorta. It also shows the shadow of an enlarged left 
atrium, lying within the right border of the heart. Bilateral oblique views were taken in 30 patients. 
Screening with a barium swallow was carried out in 35 patients. Serial radiograms were available 
in the majority. 

The following points were examined in the radiograms. 

(1) The cardio-thoracic ratio. 

(2) The size and shape of the aorta. The size was graded as normal, slightly dilated, mode- 
rately dilated, or considerably dilated. 

(3) The size of the left ventricle similarly graded. 


* Present address—Sully Hospital, Penarth, Glamorgan. 
+ Present address—Manchester Royal Infirmary. 
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(4) The presence of calcification in the ascending aorta, the aortic arch, the descending aorta, 
and the aortic valve. 

(5) The presence of hilar or pulmonary clouding, pleural effusion, or the septal lines of Kerley 
(1933). 

The results of screening were added when available, but on the whole little additional information 
was obtained. In two cases aortic valve calcification was confirmed and in some a better estimate of 
left ventricular size could be obtained on the screen. Conversely left atrial enlargement was more 
accurately diagnosed in an over-penetrated P-A film. An enlarged left ventricle may displace the 
left atrium backwards and so simulate left atrial enlargement on screening. 


RESULTS 

The findings are shown in Table I. 

Linear calcification of the ascending aorta occurred 32 times (39°) and in 10 patients (12°) the 
calcification was confined to the ascending aorta. Necropsies, performed on 9 of these patients, 
confirmed the diagnosis in all. Representative examples are seen in Fig. 1 and 2. The radiogram 
in Fig. 2 was taken in 1956 and shows calcification in the ascending aorta, arch, and descending aorta. 
Syphilitic aortic incompetence had been diagnosed in this patient in 1932 at the age of 37 years. 
Dilatation and sometimes irregularity of the aorta were usually associated with linear calcification 
of the ascending aorta, but in two patients the aorta was of normal size. 


TABLE I 
SUMMARY OF FINDINGS 
Number of patients .. ao a = ee ee 
Normal X-ray sete a x — bi ont 2 ty 
Cardio thoracic ratio over 50 percent... te «>. @ (is) 
Aorta: Normal sh fe ea ae és .. © <i 
Slightly dilated a4 Per - aie << ae 
Moderately dilated ate ie as ee 
Considerably dilated se oe se a oS Gt) 
Left ventricle: Normal ae oe ae me ee eee | 
Slightly dilated .. a ‘ua war ee 
Moderately dilated oe si ce 
Considerably dilated a xs on ae 
Calcification: Ascending Aorta... oe “* .. 32 (9%). A.A. alone in 10 (12%) 
Arch .. - a si - os a 
Descending Aorta .. oa fi aa 
Aortic Valve. . oe ‘ca Se =< 
Hilar congestion re ae id = oe > 
4—Right 
Pleural effusion = as as a ae .. 7 <2—tLeft 
2— Bilateral 
Enlargement of left atrium a i ef si «=o 


As calcification presumably results from atherosclerotic degeneration superimposed on syphilitic 
aortitis, it would be expected to occur more often in elderly patients and when the disease is of long 
standing. In this series the mean age of the patients with calcification of the ascending aorta was 
62 years (the mean age of all 422 patients was 54 years). The youngest patient with calcification of 
the ascending aorta was aged 42 years. 

The sex ratio of patients with calcification of the ascending aorta was 1-5 male to | female, 
compared with 2-4 male to | female in all 422 patients with syphilitic aortic incompetence. This 
slighter male preponderance occurred in spite of the fact that the older age groups contained a 
higher proportion of men. The difference may be explained by the fact that women were shown to 
have a better prognosis than men and are therefore more likely to develop calcification as a 
manifestation of chronicity of the disease. The absence of calcification of the ascending aorta 
cannot, of course, be taken as evidence against syphilitic aortitis. In this series five patients had 
calcification confined to the aortic arch. 

The aorta and left ventricle were considered normal in 8 patients (10%) and 7 patients (8°) 
respectively. Two patients had entirely normal radiograms. This underlines the important clinical 
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Fic. 1.—Lateral radiogram, showing calcification Fic. 2.—Over-penetrated postero-anterior radio- 
of the ascending aorta. gram, showing extensive calcification of the 
aorta, especially in its ascending portion. 


fact that syphilitic aortitis need not produce any radiological abnormality, even when aortic 
incompetence is present. Kerley (1950) has pointed out that up to 30 per cent of patients may have 
anormal radiogram. The maximum incidence of normal radiograms will obviously be found in the 
earlier stages of the disease. When aortic incompetence has developed, an entirely normal 
radiogram is rare. 

Slight enlargement of the left atrium was noted in three patients. Two of these had a wide bifid 
P wave in the electrocardiogram, confirming the left atrial abnormality and one had a loud atrial 
sound (4th heart sound). An enlarged left atrium will always suggest mitral valve disease, but 
can also occur in other diseases producing left atrial stress, such as aortic valve disease, hypertension, 
and coronary artery disease (Wood, 1956; Cobbs et al., 1957). 

The cardiothoracic ratio was greater than SO per cent in 62 patients (75°%). However, this 
measurement is only a rough guide to heart size. It will obviously depend on chest capacity and on 
the phase of respiration. The woman with the largest ratio (70°) had a very small chest and her 
valve lesion was moderate rather than gross. 


DISCUSSION 


Calcification of the ascending aorta was first mentioned as a casual observation by Snellen (1939), 
but its significance was not then appreciated. In 1942 Schatzki stressed the significance of this 
sign. However, Blumenthal et al. (1944) thought the calcific deposits in the aorta were more often 
due to hypertension and arteriosclerosis than to syphilis. 

Jackman and Lubert (1945) examined the radiograms of 66 patients with syphilitic aortitis 
confirmed at autopsy. No special radiographic techniques were used to demonstrate calcification, 
which was noted in the ascending aorta in 22 per cent of patients. The mean age of these patients 
was 57 years compared with 52 years in those without calcification. 62 patients with severe 
atherosclerosis were also investigated. Calcification of the ascending aorta was noted in only 2 








Wi 
of 
oc 


ac 
ar 


co 
Se 








lio- 
the 


aortic 
‘ have 
in the 
ormal 


bifid 
atrial 
, but 
1siOn, 


, this 
nd on 
d her 


939), 
f this 
often 


yrtitis 
ition, 
tients 
evere 
nly 2 











THE RADIOLOGICAL FEATURES OF SYPHILITIC AORTIC INCOMPETENCE 165 


(3%). Both these patients had associated calcification in the aortic arch. Using special radio- 
graphic techniques, Thorner and Carter (1948) demonstrated calcification of the ascending aorta in 
39 per cent of 38 consecutive patients with syphilitic aortitis: a review of the routine radiograms 
of 111 cases showed an incidence of 14 per cent. 

Leighton (1948) examined the radiograms of 18 patients with syphilitic aortitis confirmed at 
necropsy: nine had calcification of the ascending aorta. Of a further 39, in whom syphilitic aortitis 
had been diagnosed clinically, the ascending aorta was calcified in 43 per cent. He also studied 
the radiograms of 400 non-syphilitic patients of corresponding age and sex: calcification of the 
ascending aorta was present in two (0-5°%). 

Wolkin (1954) found calcification of the ascending aorta in 54 (57°) of 95 patients with syphilitic 
aortitis. In 11 the calcification was confined to the ascending aorta. The average age of these 
patients was 60 years. 

McCann and Porter (1956) reported calcification of the ascending aorta in 19 patients with 
syphilitic aortitis, and in 12 the calcification was confined to the ascending aorta. 

The reported findings thus indicate that calcification of the ascending aorta is a nearly specific 
sign of syphilitic aortitis. It rarely occurs in severe atherosclerosis and hypertension and, if so, the 
aortic calcification is likely to be widespread and to occur only to a slight degree in the ascending 
portion. In syphilis it is a common finding especially in older patients and in the present investiga- 
tion the incidence of 39 per cent is the same as the figure obtained by Thorner and Carter (1948). 
It should be emphasized that early calcification of the ascending aorta can only be detected with the 
help of careful radiography. Special views including over-penetrating P-A and oblique views and 
tomograms are very helpful, and should be employed before linear calcification is pronounced 
absent. 

In this investigation dilatation and loss of parallelism of the aorta was usually present in 
patients with aortic calcification, but in two with obvious calcification, there was no dilatation or 
irregularity of the aortic lumen. Loss of parallelism of the aorta, if present, is a valuable sign of 
syphilitic aortitis and does not occur in atherosclerosis (Kerley, 1950). The various aortic measure- 
ments recommended in the past (Vaquez and Bordet, 1920; Kemp and Cochems, 1937) can have 
little place in the diagnosis of syphilitic aortitis in view of the varying degrees of aortic dilatation in 
hypertension and arteriosclerosis, non-syphilitic aortic valve disease, and congenital anomalies of 
the aorta. Angiocardiography has been advised to show the calibre of the aorta (Dotter and 
Steinberg, 1949) but can rarely be justified. Increased density of the aorta has been said to be 
evidence of syphilitic aortitis, but is equally common in hypertension and arteriosclerosis. 

The most important clinical application of calcification of the ascending aorta is in the etio- 
logical diagnosis of aortic incompetence. A syphilitic etiology can be diagnosed with confidence 
if other signs of syphilis (particularly neurosyphilis) are present, or if the serological reactions, 
including the treponemal immobilisation test, are positive. In addition, the erythrocyte sedimenta- 
tion rate is raised in about 80 per cent of patients with untreated syphilitic aortic incompetence 
without congestive heart-failure (Leonard and Smith, 1957), but is usually normal in other varieties 
of aortic incompetence. Calcification of the ascending aorta is a very useful confirmatory sign and 
occasionally may be the only evidence of a syphilitic etiology. 


SUMMARY 


The chest radiograms of 83 patients with syphilitic aortic incompetence have been studied. 

The incidence of linear calcification of the ascending aorta was 39 per cent and this can be 
accepted as a reliable and almost specific sign of syphilitic aortitis. Special radiographic techniques 
are often necessary to demonstrate calcification of the ascending aorta in its earliest form. 

The sign is of particular value in determining the aetiology of aortic incompetence and should be 
considered in conjunction with the clinical features, the serological reactions, and the erythrocyte 
sedimentation rate. 

M 











166 SMITH AND LEONARD 


We wish to thank Dr. Evan Bedford, Dr. Frederick Bowie, Dr. Wallace Brigden, Dr. James Campbell, Dr. Maurice 
Campbell, Dr. Robert Duthie, Dr. William Evans, Professor Harold Fullerton, Dr. Graham Hayward, Mr. Ambrose 
King, Dr. Kenneth Latter, Dr. Lawson McDonald, Dr. Wilfrid Oliver, Dr. William Phillips, Dr. Arthur Thomas and 
Dr. Paul Wood for permission to study patients under their care. It is a great pleasure to thank Dr. Peter Kerley 
for his valuable advice. 

Mrs. Olive Connolly kindly provided the photographs. 


REFERENCES 
Blumenthal, H. T., Lansing, A. I., and Wheeler, P. A. (1944). Amer. J. Path., 20, 665. 
Cobbs, B. W., Shillingford, J. P., and Steiner, R. E. (1957). Brit. Heart J., 19, 495. 
Dotter, C. T., and Steinberg, I. (1949). Ann. intern. Med., 30, 1104. 
Jackman, J., and Lubert, M. (1945). Amer. J. Roentgenol., 53, 432. 
Kemp, J. E., and Cochems, K. D. (1937). Amer. J. Syph., 13, 297. 
Kerley, P. (1933). Brit. med. J., 2, 594. 
— (1950). A Textbook of X-ray Diagnosis by British Authors. 2nd ed. Vol If, London. 
Leighton, R. S. (1948). Radiol., 51, 257. 
Leonard, J. C., and Smith, W. G. (1957). Lancet, 1, 234. 
McCann, J. S., and Porter, D. C. (1956). Brit. med. J., 1, 826. 
Schatzki, R. (1942). New Engl. J. Med., 227, 24. 
Scherf, D., and Boyd, L. J. (1948). Cardiovascular Diseases. 2nd ed. New York. 
Simon, G. (1956). Principles of Chest X-ray Diagnosis. London. 
Smith, W. G. (1957). M.D. Thesis. Univ. of Aberdeen. 
Snellen, H. A. (1939). Year Book of Radiology. Chicago. 
Stroud, W. D. (1950). Diagnosis and Treatment of Cardiovascular Disease. Vol. 1. Philadelphia. 
Thorner, M. C., and Carter, R.A. (1948). Amer. Practit., 2, 301. 
Vaquez, H., and Bordet, E. (1920). The Heart and Aorta; Studies in Clinical Radiology. Yale. 
Wolkin, A. (1954). Radiol., 62, 101. 
Wood, P. (1956). Diseases of the Heart and Circulation. 2nd ed. London. 





Af 


19¢ 
dis 
an 


un 


wi 


Ca 
lo\ 
en 
an 


C 


lo 


he 











ENDOMYOCARDIAL FIBROSIS IN THE CEYLONESE 
BY 


N. NAGARATNAM, AND R. V. P. DISSANAYAKE 


From the Department of Pathology, General Hospital, Colombo, Ceylon 


Received April 30, 1958 


Several papers dealing with endomyocardial fibrosis have appeared in recent years, most from 
Africa (Bedford and Konstam, 1946; Edge, 1946; Gray, 1951; Davies and Ball, 1955), a few from 
America (Smith and Furth, 1943; Elster et a/., 1955), and from Europe (Léffler, 1936; Miimme, 
1940). It differs from fibrosis of the endocardium and myocardium accompanying occlusive 
disease of the coronary arteries, anomalous origin of the coronary arteries, congenital fibro-elastosis 
and the fibrotic forms of nutritional cardiopathy. In endomyocardial fibrosis there is no disease 
of the coronary vessels and fibrosis is mainly confined to the endocardium and the myocardium 
underlying it. 

Information regarding geographical and racial distribution is scanty. It was thought worth- 
while, therefore, to report three cases of endomyocardial fibrosis in the Ceylonese. 


CASE REPORTS 


Case 1. A man, aged 23, was admitted with a history of fever, difficulty in breathing and swelling of his 
lower limbs. He had no history of rheumatic fever. On examination he was jaundiced. His heart was 
enlarged, the apex beat being in the 6th intercostal space in the anterior axillary line. There was a systolic 
and a doubtful presystolic murmur in the mitral area. 

The lungs were normal The liver was palpable three fingerbreadths below the right costal margin. The 
spleen was not palpable. On fluoroscopy there was marked enlargement of the left auricle and right ventricle 
and the pulmonary conus was prominent. The jaundice improved and he was discharged in three weeks 
with a diagnosis of mitral stenosis with right heart failure and infective hepatitis. He was readmitted two 
months later. His condition gradually deteriorated and he died five days after admission. 

Post-Mortem Findings. Heart. There was a hemorrhagic pericardial effusion. The auricles were 
dilated. The right ventricle showed slight fibrosis of the endocardium at its apex. The left ventricle was 
normal in size and its endocardium was completely fibrosed. There was an ante-mortem thrombus at the 
apex of the left ventricle. The valves, coronary arteries and their orifices were normal. The right internal 
jugular vein was cord-like but no ante-mortem thrombus was detected. Lungs. There was blood-stained 
effusion on the right, and a small infarct in the base of the left lung. The liver was enlarged and “‘nutmeg”’. 

Histological Appearances. The cardiac muscle showed fibrosis of the endocardium and the underlying 
myocardium, with a mural thrombus on the endocardium. The lungs showed infarction and in some areas 
cedema and hemorrhage into the alveoli. The liver and spleen showed congestion. 


Case 2. A woman, aged 37, was admitted with a history of breathlessness on exertion, and swelling of the 
lower limbs of two months duration. Her past history revealed that she had had three attacks of swelling 
of joints associated with fever, since the age of 25 years. On examination her nutrition was poor. She 
had a raised jugular venous pressure. The heart was enlarged with doubtful presystolic and systolic 
murmurs in the mitral area. Rdales were heard over both lungs. The liver was enlarged and she had ascites. 
On fluoroscopy the left auricle was enlarged. She was discharged after three weeks with a diagnosis of 
167 
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mitral stenosis and congestive heart failure. She was re-admitted two months later and died within two 
months. 

Post-Mortem Findings. Heart. The pericardial sac contained an ounce of serous fluid. The right 
auricle had a large ante-mortem thrombus in the auricular appendix and a small one near the opening of 
the coronary sinus. The right ventricular muscle was hypertrophied, the chamber dilated and the wall 
fibrous. The left auricle was normal. The left ventricular muscle was firmer than usual. The valves were 
normal. There were bilateral pleural effusions. The left lung was cedematous, with evidence of broncho- 
pneumonia. There was ascites and the liver was enlarged. 

Histological Appearances. The heart muscle showed atrophy and hyaline changes with an increase in 
fibrous and connective tissue in the endocardium and in the myocardium underlying it. In the fibrous bands 
there were thin-walled dilated vessels. The coronary arteries and valves showed no abnormality. The 
lungs were cedematous and congested. The liver was congested. The spleen and kidneys were normal. 


Case 3. A man, aged 25, was referred as a case of constrictive pericarditis suitable for surgical treatment. 
He gave a history of dyspnoea of one month’s duration, oliguria, and oedema of the lower limbs. He 
gave no history of rheumatic fever. On examination he was orthopneeic, his jugular venous pressure 
was raised, and his pulse paradoxical. The blood pressure was 175/140 mm. Hg. The heart was grossly 
enlarged and the apex beat was felt in the 6th intercostal space in the mid-axillary line. There was a systolic 
murmur and a protodiastolic gallop at the apex. Crepitations were heard in the lungs. The liver was 
enlarged and tender. There was free fluid in the abdomen. The electrocardiogram showed left ventricular 
hypertrophy. Fluoroscopy revealed an enlarged heart with marked pulsation of all its chambers. It was 
clear that this patient had some odd type of cardiac enlargement and, in the last stages of his illness, periar- 
teritis nodosa was considered, but there seemed to be nothing to support this diagnosis other than his 
hypertension. He came to autopsy seven weeks later with a diagnosis of secondary hypertension of obscure 
ztiology, possibly periarteritis nodosa, possibly obscure nephritis. 

Post-Mortem Findings. Heart. The pericardium was normal. The pericardial sac contained 3 ounces of 
straw-coloured fluid. The heart was about twice its normal size. The great veins were dilated. The 
pulmonary artery was twice its normal size. The right auricle and ventricle were dilated. The left auricle 
was apparently normal. The left ventricle was enormously dilated and hypertrophied. There was a large 
white patch at the apex of the left ventricle about 4 x 3 cm. and 34 mm. in thickness involving the endo- 
cardium. It was firm, fibrotic, and fairly well defined. The fibrotic layer was seen to extend as a thin 
strand in the myocardium along its cut end, 2-3 mm. away from the endocardial surface. There was a large 
thrombus at the apex over the fibrotic patch. 

The valves were normal. The aorta and the coronary arteries showed no abnormality. The lungs were 
congested. There was ascites and the liver had a “‘nutmeg” appearance. The spleen was enlarged and 
congested. The kidneys were a little less than normal in size. The capsule stripped easily and the surface 
was granular and slightly reddish. The cut surface showed no abnormality. The appearance was that of a 
“red granular kidney”’. 

Histological Appearances. The endocardium was thickened by loose fibrous tissue. Overlying the 
thickened endocardium was a fibrin thrombus. The left ventricle and to a lesser extent the right showed 
these changes. Bands of fibrous tissue were seen extending into the myocardium (Fig. 1). In the fibrous 
bands were numerous thin-walled dilated vascular channels (Fig. 2). The myocardial fibres showed atrophy, 
hyaline changes and interstitial edema. The coronary arteries showed no abnormalities in the larger vessels 
but obliterative changes were seen in some of the smaller vessels in places where the endocardial fibrosis 
was pronounced. The valves and the atria were normal. The lungs showed infarction with oedema and 
hemorrhage into the alveoli. The liver and spleen showed congestion. Kidneys. The appearances were 
compatible with pyelonephritis which was probably responsible for the hypertension. 


DISCUSSION 


There are a multiplicity of possible factors in the formation of endomyocardial fibrosis and 
they are the subject of very divergent views. Endomyocardial fibrosis has been confused with 
beri-beri heart disease, nutritional heart disease, cardiac collagenosis, congenital fibro-elastosis, and 
isolated myocarditis. Malnutrition has been suggested as a cause of endomyocardial fibrosis. 
Prolonged vitamin B, (thiamine) deficiency predisposes to beri-beri heart disease and is characterized 
by hyperkinetic circulation, vasodilation, enlargement of the heart, and peripheral edema. Wood 
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ENDOM YOCARDIAL FIBROSIS 


Fic. 1.—(A) Thickening of the endocardium and subendocardium; 
(B) thin-walled vessels; (C) penetration of the myocardium with 
fibrous tissue in trabecular fashion. Hematoxylin and eosin. 
Magnification, x 30. 


Fic. 2.—Several thin-walled vessels in the fibrous layer of the suben- 


docardium. Hematoxylin and eosin. Magnification, x 110. 
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(1956) states that in this condition the heart shows little pathological change at necropsy, the 
disturbance being biochemical rather than structural. In endomyocardial fibrosis, injections of 
vitamin B, produce no response (Ball, 1957). Gillanders (1951) described a nutritional cardiopathy 
quite unlike that of beri-beri, in that it was unaffected by vitamin B, and was further associated 
with liver disease: he found no evidence of subendocardial fibrosis and necrosis in any of his cases. 
Liver diseases of the kind often associated with malnutrition are fatty infiltration, cytosiderosis, 
and cirrhosis (Gillman and Gillman, 1945). Bragdon and Levine (1949) report the occurrence 
of myocardial lesions in rabbits in vitamin E deficiency. Davies’ (1948) cases were all 
malnourished with fibrosis involving the endocardium and myocardium and mural thrombi: 
they are very similar to cases in the present report. Bedford and Konstam (1946) described 17 
necropsies in African troops who were having a well-balanced diet and found fibrosis mainly to be 
subendocardial. 

Becker et al. (1953) claimed that endomyocardial fibrosis was a collagen disease. Gray (1951) 
drew attention to the resemblance of the lesions to scleroderma and certain cases of disseminated 
lupus erythematosus. Cases of scleroderma that had developed heart failure showed fibrotic 
changes throughout the whole myocardium and severe scleroderma had been present for a long 
period before the onset of cardiac symptoms (Weiss ef a/., 1943). In polyarteritis one or more of 
the systems may be involved, and cases may present as nephritis, hypertension, bronchial asthma, 
obscure abdominal pain, peripheral neuritis, and myocarditis. When obscure cardiopathy is 
accompanied by any of these manifestations, polyarteritis should be considered. 

Parasitic infestations such as ascariasis and tropical eosinophilia are common in the tropics. 
The eosinophil counts in our cases were within normal limits. L6ffler (1936) reported two cases 
and Miimme (1940) one, where eosinophilia was found together with fibrosis of the myocardium. 
No good evidence incriminating virus infection has yet been produced, though virus myocarditis 
has been reported from Africa. 

Though the gross pathological changes in these cases bear a resemblance to those of congenital 
fibro-elastosis, the two conditions are entirely different. As mentioned earlier the latter is a develop- 
mental defect and, if this was related to the adult disease, cases would be met with in older children, 
but few such cases have been reported. In isolated myocarditis the endocardium and valves are not 
involved but mural thrombi and embolic phenomena are common. 

The conclusion that can be drawn from this conflicting evidence is that we do not know the 
essential cause of endomyocardial fibrosis but that certain contributing factors appear to be of 
importance. A background of malnutrition probably favours the onset and the trigger mechanism 
that initiates the attack may be a virus infection. 


PATHOLOGY 


In all three cases the hearts were hypertrophied and their chambers dilated. Their pericardia 
were normal. The vene cave showed dilatation. The coronary arteries showed no pathological 
changes and their orifices were patent. The cardiac valves were normal. Ante-mortem thrombi 
were seen in the right atrium in one case and in the crypts of the ventricles. The endocardium 
of the left ventricle showed more white fibrotic patches towards its apex than did the right. The 
cardiac muscle, brownish in colour, was generally firm and in one case imparted a grating sensation 
to the knife. There was endocardial and subendocardial fibrosis (Fig. 3) which was extensive and 
associated with degeneration of the muscle fibres, hyaline change, and interstitial edema. There 
was no cellular infiltration except in relation to organizing mural thrombi (Fig. 4). An organized 
thrombus was seen in one of the arterio-luminal vessels (Fig. 5). There were thin-walled vessels 
in the fibrous layer. 

Associated necropsy findings included thrombophlebitis of the internal jugular vein (Case 1) and 
chronic pyelonephritis (Case 3). Additional significant findings included passive congestion of the 
liver and spleen, and multiple infarcts in the lung with oedema and effusion. 
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FiG. 3.—Shows(A) myocardial fibrosis; (B) degeneration and atrophy 
of the muscle fibres. Hmatoxylin and eosin. Magnification, 
x10. 





Fic. 4.—Mural thrombus in the process of being organized. (A) 
mural thrombus; (B) cellular infiltration. Hzmatoxylin and 
eosin. Magnification, x48. 
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Fic. 5.—An organized thrombus within a vessel. (A) thrombus; 
(B) vessel. Hematoxylin and eosin. Magnification, x 110. 


PATHOGENESIS 

According to Davies and Ball (1955) fibrosis appears in the subendocardium. It then spreads 
into the endocardium, following thrombosis and occlusion of the arterio-luminal vessels and the 
Thebesian veins, leading to stasis and ischemia of the underlying musculature. There is no satis- 
factory explanation for the initiation of the process. Williams et al. (1954) suggest the possibility 
of a virus infection, either by itself or with some other contributing factor, initiating the fibro- 
thrombosis or thrombo-fibrosis. Mural thrombi form on the abnormal endocardium which be- 
comes organized with migration of the adjacent endothelial cells from the edges of the lesion covering 
the deposit. This is followed later by the appearance of fibroblasts derived from the resting con- 
nective tissue cells, a process very similar to wound healing. Myocardial changes are mainly con- 
fined to the layers immediately beneath the endocardium. The histological findings of atrophy and 
fibrosis are consistant with this idea. The thick rigid endocardium may interfere mechanically 
with the heart’s action leading to the hypertrophy, cardiac dilatation, and heart failure (Prior and 
Wyatt, 1950). 


CLINICAL SYMPTOMS AND FINDINGS 

All three cases were comparatively young, their ages being 23, 25, and 37 respectively. Their 
nutrition was poor. There was progressive dyspnoea on exertion till the patients were totally 
incapacitated. There were manifestations of congestive heart failure. The heart was enlarged and 
a loud murmur was heard in the mitral area and often a triple rhythm. 

Cases 1 and 2 were diagnosed as congestive heart failure complicating mitral stenosis. This 
was due to a doubtful presystolic murmur heard at the apex and left atrial enlargement with a 
prominent pulmonary conus on screening, but at autopsy there was no disease of the valves. Often 
mitral regurgitation and occasionally stenosis follows, due to the spread of fibrous tissue to the 
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papillary muscles, chorde, and cusps of the mitral valve. Constrictive pericarditis without 
calcification is often diagnosed in cases of endomyocardial fibrosis. The hemodynamics are some- 
what similar, for diastolic filling may be restricted due to the involvement of the myocardium and an 
inspection of the pericardium at thoracotomy may be the only diagnostic method of choice so that 
pericardectomy may be performed if constriction is present. In Case 3, though the heart was 
enlarged, a mistaken diagnosis of constrictive pericarditis could have been partly due to involve- 
ment of the myocardium and partly due to a Bernheim effect, as the left ventricle was hypertrophied 
and this probably interfered with the capacity of the right ventricle, giving rise to a “right-sided 
constrictive pericarditis’. Another feature in two of our cases was the embolic lesions in the 
lung resulting from the presence of mural thrombi. The only other significant lesion was the 
hypertension in one case which was probably due to the chronic pyelonephritis. 


SUMMARY 


Three cases of cardiac enlargement associated with congestive heart failure due to endomyo- 
cardial fibrosis are described. At necropsy the most striking pathological features were hyper- 
trophy and dilatation of the heart, with fibrosis of the endocardium and underlying myocardium and 
associated mural thrombi. There were no significant extracardiac pathological changes except for 
embolic phenomena in two cases. 


The etiology remains unknown and the pathogenesis is speculative. A brief discussion of the 
possible etiology is presented. The differential diagnosis includes any general cardiac enlargement 
of uncertain origin, heart failure from rheumatic carditis, or any other obscure cardiopathy. 


We wish to thank Professor W. A. E. Karunaratna, Drs. W. D. Ratnavale and R. P. Jayawardana for their advice 
and criticism, Dr. H. Gunawardana for Case 3 and the Superintendent of the Columbo Group of Hospitals, Columbo, 
for permission to publish this paper. 
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There is still considerable difference of opinion regarding the incidence of restenosis following 
adequate mitral valvotomy. Glover (1955) in a study of patients five years after this operation 
stated that restenosis of the mitral valve was unlikely to occur. This view is not now accepted. 
Muehsam and Auerbach (1957) observed tight mitral stenosis at autopsy four years following 
adequate mitral valvotomy. Belcher (1958) in a review of previous reports found seven cases of 
restenosis and contributed a further four. 

The object of this communication is to report seven patients showing restenosis of the mitral 
valve confirmed at a second operation. The seven cases occurred following four hundred opera- 
tions performed in this hospital before the end of 1956 (Pantridge ef a/., 1953; Marshall and 
Pantridge, 1957). 

Since restenosis of the mitral valve may easily be confused with inadequate division of the com- 
missures, it was considered essential that the surgeon’s report at the initial operation should indicate 
complete division of one or both commissures and that good clinical improvement should follow 
the operation. Care was taken to exclude causes other than mitral obstruction for the recurrence 
of symptoms. Finally, it was required that the second operation show tight or very tight stenosis 
with fusion of the previously divided commissure or commissures. 

The seven patients who fulfilled these conditions were prior to the initial operation severely 
incapacitated by mitral stenosis. One patient had an associated minimal degree of aortic re- 
gurgitation. The state of the mitral valve as estimated by the surgeon at the first operation and the 
degree of division obtained are shown in Table I. The stenosis was classified as very tight where it 
was found impossible to introduce the finger tip into the valve orifice and as tight where the orifice 
would just admit the tip of the finger. 

Following the initial valvotomy, improvement was marked in all patients, allowing a return 
to normal activity. They were able to carry on with their previous occupations and were virtually 
symptomless. 

Symptoms recurred at intervals ranging from 8 to 41 months. There was a rapidly progressive 
decrease in exercise tolerance for which no cause other than mitral stenosis was found. A second 
operation became imperative in 5 to 36 months after the onset of symptoms. Cardiac catheteriza- 
tion prior to the second operation in each case showed a rise in pulmonary wedge pressure at rest 
and a further rise on exercise. 

With one exception the second operation was performed by the surgeon who did the initial 
valvotomy. Tight or very tight stenosis was present (Table I). The degree of splitting obtained, 
while very good in one patient, was in general not so satisfactory as at the initial valvotomy. Im- 
provement has been obtained in six patients, but one failed to improve and died in congestive heart 
failure three months after operation. 

Rheumatic activity is thought to be responsible for restenosis of the mitral valve. However, at 
the time of both operations the seven patients reported here were free from clinical evidence of 
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TABLE I 


CLINICAL PRE-OPERATIVE AND PosT-OPERATIVE DATA IN SEVEN PATIENTS WITH MITRAL RESTENOSIS 





First valvotomy Interval Duration Second valvotomy 
Patient Age SRO aa aeesee —— before of ees 











Pre-operative Splitting recurrence symptoms Pre-operative Splitting 
condition obtained of before condition obtained 
of valve symptoms second of valve 
operation 
l 41 Tight MC complete 23 months | 20 months Tight MC nil 
LC half LC complete 
z 39 Tight MC nil 24 months | 36 months Tight MC nil 
LC complete LC complete 
3 38 Tight MC complete 8 months 7 months Tight MC nil 
LC complete LC complete 
4 23 Tight MC complete 39 months | 19 months Very tight MC very little 
LC nil LC very little 
5 28 Tight MC complete 30 months 5 months Tight MC complete 
LC half LC nil 
6 24 Very tight MC complete 27 months 15 months Tight MC half 
LC complete LC complete 
7 38 Tight MC nil 41 months | 25 months Very tight MC very little 
LC complete LC very little 
MC=medial commissure. LC=lateral commissure. 


rheumatic activity and had normal erythrocyte sedimentation rates. In five instances the auricular 
biopsy obtained at the time of the first operation was submitted for histological report. Aschoff 
bodies were found in only one (Case 4). 

At routine reviews after operation a careful enquiry was made regarding joint pains, and sedi- 
mentation rates were recorded. One patient (Case 3) showed a raised erythrocyte sedimentation 
rate (24 mm. in one hour Westergren) on an isolated occasion, thirteen months after the initial 
operation. Another had an episode of joint pains with a raised erythrocyte sedimentation 
rate two months after operation. The remaining five patients never at any time during the period 
of observation before and after operation had clinical evidence suggesting rheumatic activity. 

The age of the seven patients was representative of the series of four hundred among which they 
occurred. 


DISCUSSION 


Symptoms attributable to restenosis appeared at intervals of 8 to 41 months following operation 
and it is probable that further cases will occur. Wood (1954) has pointed out that the true incidence 
of restenosis will not be known until patients have been studied for a much longer period after 
mitral valvotomy than is yet possible. However, the condition is sufficiently common to justify 
careful investigation of patients who after operation show deterioration without obvious cause. 

The etiology of the restenosis is not entirely clear. Active rheumatism is a possibility. A 
history of a fresh attack of rheumatism in the interval between the original valvotomy and the 
recurrence of symptoms has been given in many of the reported cases (McKusick, 1955; Glenn and 
Dineen, 1956; Donzelot et a/., 1953; Dussailant et al., 1954; Morino, 1955; and Belcher, 1958). 
However, Muehsam and Auerbach (1957) in an examination of one case at necropsy were unable 
to find histological evidence of recent rheumatic activity either in the myocardium or in the region 
of the valve despite a careful search. Five of the seven patients had auricular biopsies taken at 
the initial operation: only one showed the presence of Aschoff bodies. Biopsy material was available 
from 220 of the initial 400 patients submitted to mitral valvotomy in this hospital: sixty-two 
(28°) showed Aschoff nodules in the auricular myocardium. 

The absence of Aschoff bodies in the biopsy of four of the patients reported here does not exclude 
rheumatic activity. It does, however, indicate that in so far as rheumatic activity can be detected 
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those patients were free from it at the time of the initial operation. It has been noted that no 
clinical evidence of rheumatic activity in these four patients was found in the period of observation 
before and after the two operations. 

The findings reported here would suggest that active rheumatism may not be the only etiological 
factor concerned in mitral restenosis. 


SUMMARY 


Seven cases of restenosis of the mitral valve following adequate mitral valvotomy are reported. 
A second operation was followed by improvement in six of the patients, but one failed to improve 
and died three months after operation. In four cases no evidence of rheumatic activity was 
found during the period of observation before and after operation. It is suggested that active 
rheumatism may not be the only etiological factor concerned in mitral restenosis. 


The operations were performed by Mr. J. A. W. Bingham, Mr. T. B. Smiley, and Mr. H. M. Stevenson. 
We wish to thank Dr. J. F. Pantridge for permission to study these patients who were under his care and for his 
advice and criticism. 
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A few years ago we reported three cases of atrial fibrillation with idioventricular automatic beats, 
in which extrasystoles with fairly accurate coupling followed only automatic ventricular beats, 
but never conducted supraventricular ones (Scherf and Schott, 1951). We pointed out that such 
observations represent a contribution to the relation between ectopic beats with accurate coupling 
to the preceding, initiating, beat, and those with varying coupling which we consider due to a 
different, namely, automatic origin. 

A tentative explanation was offered that this unusual arrhythmia may be due to a directional 
protective block of the ectopic centre, resulting from refractory tissue in the vicinity of the centre, 
which permits the initiating impulse to reach the ectopic focus only from certain directions. It was 
emphasized that analysis of more tracings of this rare disturbance of rhythm would be needed before 
more definite conclusions about the underlying mechanism could be drawn. 

The present report, based on three new observations showing the same phenomenon in associa- 
tion with other features, is offered as a further contribution to gain a better understanding of this 
rare arrhythmia, whose underlying mechanism is still far from clear. 


CASE REPORTS 


Case 1. The patient was a 51-year-old woman, suffering from syphilitic aortic regurgitation and 
hypertension, the blood pressure being 205/100. The cardiogram showed left ventricular hypertrophy and a 
digitalis effect. Throughout her stay in hospital the patient received 0-2 g. of digitalis folia a day. 

Fig. | shows that the dominant rhythm was sinus rhythm, rate 88—94 a minute (cycle length 64—-68)t. 
The ventricular complexes of the sinus beats have high R waves with slight slurring of the ascending limb, 
small s waves, distorted S-T segments, and diphasic T waves. An arrhythmia is present due to ventricular 
ectopic beats occurring with couplings varying between 39 and 62 in the reproduced portion (36-62 in the 
whole record). The ectopic beats have small r, deep S, and upright T waves; their shape can best be recog- 
nized in those beats where they are least distorted by fusion with sinus beats (beats marked by x in which the 
initial ventricular deflections are undistorted, but the final deflections are modified by superimposed P waves 
of the following sinus beat). Numerous fusion beats are present. These features strongly suggest para- 
systole, and measurement of long strips confirms this diagnosis, showing the inter-ectopic intervals to vary 
between the extremes of 108 and 116, or multiples thereof. Pressure on the right carotid sinus suppressed the 
atrioventricular conduction, the heart action being exclusively dominated by the ectopic ventricular focus 
throughout carotid sinus pressure (except for one beat, Fig. 1, d, see below). The shape of these beats is 
identical with the undistorted shape of the ectopic ventricular beats during parasystole. The first ectopic 
cycle measured 108, subsequently it gradually increased to 116 and a maximum of 124 (between the 9th and 
10th beat), then gradually fell to 116 toward the end of the period of entirely ectopic rhythm which altogether 
comprised 42 cycles. After the 20th beat, a conducted beat, possibly an atrial extrasystole, occurred with a 
coupling of 100 (Fig. 1,d); the following cycle measured 124, that is, equalled the idioventricular cycle length 
prevailing at the time. These time relations resemble those observed with ventricular extrasystoles in com- 
plete A-V block and suggest interference with the impulse formation in the centre of the dominant rhythm. 


* Aided by grants from M. Intrator and H. Petschek. : 
+ All figures indicating intervals in cardiograms are expressed in hundredths of a second. 
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Fic. 1.—Case 1, lead II. Strips a-c are continuous, a and b show parasystole. At arrow inc beginning 
of right carotid sinus pressure, resulting in suppression of A-V conduction; ventricular action 
solely due to parasystolic centre. First ectopic cycle length 108, last 116. Strip d: 18th to 22nd 
cycle of ectopic rhythm, carotid sinus pressure continuing. Cycle length fairly constant at 124. 
The interval after the isolated conducted beat (in the middle of the strip) had the same length. 
Strip e: starting at the end of the 42nd cycle during carotid sinus pressure and immediately after 
its release. 


Fig. 1, c and d, reproduces representative portions of the record obtained during carotid sinus pressure. 
When pressure on the sinus was released, the original arrhythmia became re-established (Fig. 1, e). This 
effect was reproducible: when the right carotid sinus was compressed for a second time, the same result on the 
arrhythmia was obtained; the period of ectopic rhythm during carotid sinus pressure comprised 70 cycles. 
Fig. 2 was obtained from the same patient on a different day, when the prevailing rhythm was again para- 
systole, the rate of the sinus rhythm being 75 a minute (cycle length 82). The inter-ectopic intervals 
measured 128 or multiples thereof. Right carotid sinus pressure again suppressed A-V conduction and, 
throughout the pressure, the heart action was exclusively due to idioventricular beats having the same shape 
in the tracing as in the preceding figure. With the exception of the first automatic beat, which differs in 
shape from the following ones, throughout carotid sinus pressure all were followed by ventricular exira- 
systoles of constant shape and with fairly accurate coupling, yielding 12 bigeminal groups. As in the pre- 
ceding figure, the ectopic rhythm slowed during carotid sinus pressure. As the length of the coupling of 
the extrasystoles remained fairly constant, this lengthening was mainly due to a lengthening of the post- 
extrasystolic intervals which increased from an initial 120 to a maximum of 136, subsequently falling to 132. 
The final deflections of some of the idioventricular beats suggest retrograde conduction to the atria (the 6th, 
7th, and 12th, possibly also the 9th and 10th beats). 
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Fic. 2.—Case 1, lead Il. The three strips are continuous. The tracing starts immediately after the 
beginning of right carotid sinus pressure; release of pressure at arrow in bottom strip. Bigeminal rhythm 
due to ventricular extrasystoles with accurate coupling. For further explanation, see text. 


Sometimes the coupled extrasystoles varied in shape, though they had constant coupling. Fig. 3 shows 
8 bigeminal groups, in which the initiating automatic beats as well as the extrasystoles varied in shape. 
The shape of the extrasystoles was not determined by that of the preceding automatic beat. Except for 
the first one, the coupling was constant at 44. Such observations were made repeatedly. 

At other times this patient had atrial fibrillation. Coupled extrasystoles occurred only after idioventri- 
cular automatic beats, never after conducted ones. Right carotid pressure then had no consistent effect on 
the heart rate of rhythm. The main observations in this case can be summarized as follows. 

The dominant rhythm was at times sinus rhythm with ventricular parasystole. Pressure on the right 
carotid sinus suppressed atrioventricular conduction, the parasystolic ventricular centre being alone active 
at such times. During carotid sinus pressure the rate of the ectopic rhythm gradually slowed and sub- 
sequently slightly accelerated without attaining the initial rate. On several occasions the idioventricular 
beats were followed by ventricular extrasystoles with accurate coupling, sometimes of constant, at other times 
of varying shape. Coupled beats with accurate coupling were observed after automatic beats of two 
different shapes. These coupled extrasystoles were only—and repeatedly—observed after automatic beats 
during carotid sinus pressure; they never occurred after conducted beats, nor after ventricular ectopic, or 
fusion, beats during parasystole. At other times this patient had atrial fibrillation. Coupled extrasystoles 
were then also observed only after idioventricular automatic beats. Carotid sinus pressure had no consistent 
effect on heart rate or rhythm when the dominant rhythm was atrial fibrillation. 
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Fic.3. Case 1, lead II. The two strips are continuous. The tracing starts immediately after the beginning 
of right carotid sinus pressure, the first beat in the top strip being the ventricular complex of the last 
conducted beat. Release of pressure at arrow in bottom strip. Bigeminal rhythm due to ventricular 
extrasystoles with accurate coupling. Note varying shape of automatic beats and of extrasystoles. 
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Case 2. A 67-year-old woman with mitral stenosis and congestive heart failure. There was gross cardiac 
enlargement radiologically. The blood pressure was about 180/105. She was on digitalis and mersaly]. 
Fig. 4 shows two continuous strips of lead V2. The figures immediately below the tracing refer to the 
lengths of consecutive cycles; those in the row below, marked P, indicate the intervals between ectopic beats 
of different shape and are expressed as multiples of 127-128; those in the bottom row below the bottom 
tracing, the coupling of extrasystoles. The reason for expressing these various intervals in this way will 
become apparent in the subsequent discussion. It is seen that the underlying rhythm is atrial fibrillation, 
The ventricular complexes are of four different shapes: the great majority are conducted supraventricular im- 
pulses, characterized by small r, deep S, and peaked upright T waves. The initial deflections measure 
0:09 second. The second and fourth complexes in the bottom strip have an entirely different shape: a 
grossly notched bifid initial ventricular complex, measuring 0-13 sec., is followed by a sharply inverted T 
wave. These two beats, which have to be considered idioventricular automatic ones, and only these, are 
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Fic. 4.—Case 2, lead V-2._ The two strips are continuous. For further explanation, see text. 


followed by ventricular extrasystoles with the fairly constant coupling of 48 and 44; their initial ventricular 
complexes are directed downward, followed by high upright T waves. The fourth type of ventricular com- 
plexes is represented by the first beat in the top strip; and the 7th, 8th, and last complexes of the bottom 
strip. Their initial deflections consist of rSR’ complexes followed by shallow inverted T waves (differing in 
shape in the several beats owing to superimposition of f waves). Two such complexes follow in succession 
in the bottom strip at an ectopic cycle length of 128, and the intervals between the other complexes of this 
type are all multiples of 127-128, highly suggestive of a parasystolic mechanism. 

Fig. 5 shows essentially the same features. The conducted beats have higher R and less deep S waves 
than in lead V2. The idioventricular automatic beats have very small q, high R, and distinct S waves, 
followed by sharply inverted T waves; of these, three were recorded in the top strip, all followed by ventri- 
cular extrasystoles with the same coupling (46-48) as in lead V2, and having deep QS and very high peaked 
T waves; one idioventricular automatic beat recorded in the bottom strip was not followed by an extra- 
systole. The fourth type of complexes is represented by the third and fourth beats in the bottom strip. In 
this lead, they show high and grossly notched R and deep S waves, followed by upright T waves which differ 
in shape and height from those of the conducted beats. It is significant that the ectopic cycle length in this 
lead is again 128. One noteworthy feature of this lead is that on one occasion, and on this only, a conducted 
impulse was followed by an extrasystole with the same coupling and of the same shape as those otherwise 
following only automatic idioventricular beats: this is seen at the beginning of the top strip where this extra- 
systole follows the second—conducted—beat. Similar observations were made in a long record obtained 
one week later. No extrasystole followed a conducted beat in that record. 

Salient Features. The dominant rhythm was digitalized atrial fibrillation. Automatic idioventricular 
beats occurred in fair numbers and, with one exception, only these were followed by extrasystoles with 
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Fic. 5.—Case 2, lead V4. The two strips are continuous. For further explanation, see text. 


accurate coupling and almost constant shape. In addition, a further variety of automatic ventricular beats 
was recorded, the ectopic cycle length of which could be directly measured as 128; all interectopic intervals 
between beats of this variety were fairly accurate multiples of 128 so that a parasystolic mechanism was 
established for this variety of automatic beats that was never followed by coupled extrasystoles. No 
parasystolic mechanism was found in respect of the former variety, namely that sometimes followed by 
accurately coupled extrasystoles. 

Case 3. A 57-year-old woman suffering from weakness and giddiness. One year before admission she 
had a slight stroke from which she had made a good recovery. She was found to have left ventricular 
enlargement and dilatation of the aorta. Blood pressure 185/85. On admission she had visual disturbances 
attributed to digitalis intoxication; there was a digitalis effect also in the cardiogram. During her stay in 
hospital she did not receive digitalis, but was still under the influence of this drug. 

The dominant rhythm was atrial fibrillation. Idioventricular automatic beats occurred fairly frequently, 
and both these and conducted supraventricular impulses were at times followed by extrasystoles with 
accurate coupling of 56. The noteworthy feature of this case is that, whenever the beginning of a period 
of bigeminal rhythm due to coupled extrasystoles was recorded, the extrasystole of the first bigeminal group 
was never initiated by a conducted beat, but invariably by an automatic one. 

Fig. 6 reproduces a representative portion of lead II. It shows in its first portion four conducted beats, 
the interval between the first two being 208. In order to save space, the following eight conducted beats were 
omitted. The following portion shows three conducted beats, the last of which was followed after an inter- 
val of 208 by an automatic idioventricular beat, in turn followed by an extrasystole with a coupling of 56. 
Subsequently nine bigeminal groups were recorded, of which only the last was initiated by an automatic beat. 
After another three conducted beats an automatic beat occurred after an interval of 212, followed by an extra- 
systole, again with a coupling of 56. (The distortion in the record of the extrasystole was due to a sudden 
technical fault of the instrument, irrevelant in the present context.) A superficial inspection suggests that 
only automatic beats occurring after a long interval were followed by extrasystoles, but measurement shows 
that this isnot the case. Thus, in lead AVF (Fig. 7), a conducted beat terminating an interval of 208, and two 
such beats terminating intervals of 196 were not followed by extrasystoles, whereas two automatic beats 
occurring after intervals of 196 (not shown) and 192 were. This lead also provides another instance of the 
Observation that once a bigeminal group had occurred that was initiated by an automatic beat, extra- 
systoles with the same coupling subsequently occurred after conducted supraventricular impulses. (Re- 
garding the distortion of the extrasystoles by artefact, see above.) 

__ The relevant points of this observation, therefore, are that, in a digitalized patient with atrial fibrillation, 
idioventricular automatic beats and extrasystoles with accurate coupling occurred. As distinct from the 
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FiG. 6.—Case 3, lead II. Between a and b, eight conducted beats are omitted. b and ¢ are lan 
continuous. Between c and d, four bigeminal groups initiated by conducted beats are omitted. d cor 
and e are continuous. 
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Fic. 7.—Case 3, lead AVF. Between the two strips nine beats are omitted. For further explanation, see text. 
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preceding case, and even more from Case 1 and the three cases previously reported, extrasystoles frequently 
occurred after conducted as well as after automatic beats, but, whenever the beginning of an ectopic arrhy- 
thmia was recorded, extrasystolic bigeminal groups were always initiated by an automatic and never by a 
conducted beat. 


DISCUSSION 


The present observations have the same feature as the three previously published cases in that 
automatic ventricular beats were followed by ventricular extrasystoles with fixed coupling. In 
some respects, however, the present observations differ from the previous ones. 

In Case 1, during periods of atrial fibrillation, coupled extrasystoles were precipitated only by 
automatic beats. During periods of sinus rhythm and ventricular parasystole, no extrasystoles were 
recorded in numerous long strips; only during carotid sinus pressure, which suppressed A-V con- 
duction so that there was only an automatic ventricular rhythm, were accurately coupled extrasystoles 
recorded in this patient. This is noteworthy as both the idioventricular beats of parasystole and 
those dominating the heart rhythm during carotid sinus pressure have to be regarded as automatic 
beats, originating, moreover, in the same centre because of their identity of shape in the tracings. 
A tentative explanation is given below. It should also be noted that, in this respect, the present 
observation differs from Case 3 of our previous series, in which the rhythm was atrial fibrillation 
and ventricular parasystole, some of the parasystolic beats, and only these, being followed by 
coupled extrasystoles. 

In Case 2 and 3, both having atrial fibrillation like those of the previous series, not only automatic, 
but also some conducted beats were followed by extrasystoles. In Case 2 this was observed only 
after one supraventricular beat; in Case 3, extrasystoles occurred after many, but only after the 
bigeminy had been initiated by an automatic beat. 

All patients, including the three described in the previous communication, had advanced struc- 
tural heart disease and all were under the influence of digitalis. 

The present three observations, as well as the three previously reported, are special instances of 
one ectopic focus being awakened—exclusively or preferentially—by another ectopic focus. In 
various forms this phenomenon has been observed both experimentally and clinically: experi- 
mentally, in connection with ectopic ventricular tachycardia elicited by the topical application of 
aconitine (Scherf et al., 1950; Scherf and Schott, 1953, p. 232 and Fig. 149); clinically, in con- 
nection with ectopic ventricular rhythms following myocardial infarction (Scherf and Schott, 1953, 
Fig. 27); with the precipitation of atrioventricular tachycardia by ventricular extrasystoles (Castel- 
lanos et al., 1955); and with that of upper A-V nodal beats by ventricular extrasystoles with retrograde 
conduction (Schott, 1955). The main difficulty is, however, to understand why the ectopic focus 
was activated only, or preferentially, by another ectopic beat, and not, or not constantly, by supra- 
ventricular conducted beats. 

The possibility of return extrasystoles has to be considered and this mechanism cannot be ex- 
cluded for extrasystoles following those automatic ectopic beats whose shape suggests retrograde 
conduction (Case 1, Fig. 2, some beats, see text above, possibly also some beats in Fig. 3). However, 
this explanation can certainly not hold good in cases of atrial fibrillation, and is unlikely in those 
instances in which the precipitating automatic beats had no features pointing to retrograde conduc- 
tion, particularly if beats containing such features were available for comparison, as in Case 1. 

In our previous paper we offered as a tentative explanation the assumption that a directional 
element was present, refractory tissue in the vicinity of the centre or centres of extrasystolic impulse 
formation causing a protective block of such centre(s) against the supraventricular impulses, and 
giving access to the initiating beat only from certain directions. We believe that such an explanation, 
though again tentative, is still the most satisfactory for the whole series. 

In support of our view we quoted observations on unidirectional block, postulated to account, 
for instance, for the retrograde conduction of idioventricular beats to the atria in patients with 
complete atrioventricular block, which is not uncommon. The word “block” should be qualified. 
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As we pointed out elsewhere in a somewhat different but related context (Scherf and Schott, 1953, 
pp. 173, 518), the older concept of a wall of refractory tissue spherically surrounding an ectopic 
centre is unsatisfactory as a general explanation of a “protective block”? of such a centre. It 
certainly could not account for the phenomenon under discussion, for, if an impulse cannot reach an 
ectopic centre from one direction, it should do so from another direction within a few thousandths 
of a second. Nor would it account for the observation that impulses of one kind of ventricular 
beats activate such a centre whereas those of another kind do not have this effect. In our view, the 
“block” of such centre is related to the ratio strength of impulse: excitability. Some more recent 
reports seem relevant in this context. Thus, Rubio and Rosenblueth (1956) found in dogs con- 
siderable differences in velocity of conduction between the two ventricles, depending on the direction 
of excitation (right-to-left compared with left-to-right ventricle), which these authors attributed to 
the type of polarization of the interventricular septum. A different manifestation of a directional 
element was found by Rosenblueth (1955) in experiments on dogs in which a slow A-V rhythm was 
produced. Two impulses sent through the A-V node ina V-A direction were followed by automatic 
nodal A-V beats, but not when sent at the same interval in the opposite direction. The same group 
of workers found directional elements to be of importance in nerves (Rosenblueth ef al., 1949). 
Applying these observations to the heart, Rosenblueth and Rubio (1955) stressed the importance of 
the relation between threshold of excitability in various parts of the heart and amplitude of action 
potential, in the causation of different velocities of conduction in different directions. 

These observations support our conception of the nature of “block” of an ectopic centre, and 
provide a basis for the assumption that, in certain circumstances, a directional element may be 
introduced by the site of refractory tissue and its degree of refractoriness, affecting velocity, and 
presence or absence, of conduction. 

Elsewhere, we have given reasons for our belief that extrasystoles in the strict sense of the term as 
used by us—that is, with accurate coupling to the preceding beat—arise in a circumscribed focus 
where they are initiated by the preceding beat; and that in the extrasystolic focus there are local non- 
propagated potentials which, during a period of temporarily enhanced excitability following an 
initiating beat, become supra-threshold, giving rise to a propagated potential—the extrasystole 
(Scherf and Schott, 1953). 

This view has been supported by more recent observations. The presumed origin of ectopic beats 
in a circumscribed focus with the above characteristics is in agreement with the observation, made 
by means of intracellular electrodes, that local potential changes can be demonstrated in spontane- 
ously beating Purkinje tissue (Weidmann, 195]; Trautwein er a/., 1953). That during the phase of 
enhanced excitability consequent upon an initiating beat, namely, during its after-potential associated 
with supernormality, such local non-propagated potentials may become suprathreshold and give 
rise to a propagated impulse was first demonstrated in the heart of the snail by Arvanitaki (1938), 
and by Bozler (1943) in the heart of the turtle. In a study on large numbers of ventricular extra- 
systoles in man, Lepeschkin and Rosenbaum (1957) have established that the coupling of the 
extrasystoles is closely related to the inscription of the U wave, which is an expression of the negative 
after-potential. This observation not only supports our views about the origin of extrasystoles, but 
also explains certain phenomena about their incidence. Thus, Langendorf et a/. (1955) have found 
that, in atrial fibrillation, extrasystoles with fixed coupling tend to occur after long ventricular cycles. 
This can be attributed to the fact that a slow heart rate tends to elevate the U wave, indicative of an 
increased excitability after longer ventricular cycles (Lepeschkin and Rosenbaum, 1957). 

Regarding the site of the focus of origin of the extrasystole, as one of two possibilities we sug- 
gested (Scherf and Schott, 1953, p. 517) that such a focus may be situated in an area beyond a 
“block” and that the temporarily increased excitability is akin to Wedensky facilitation. 

Wedensky (1903) found in nerves that the threshold of the segment below a block, induced in 
various ways such as cold, drugs, or pressure, becomes lower than it was before; this phenomenon 
was studied in more detail with modern methods by Hodgkin (1 937) and Lorente de No (1939). 

If our assumption is correct that, in the type of case reported in the present and previous com- 
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munications, there is a directional element regarding the initiating beat, this would depend on the 
site of refractory tissue in the vicinity of the extrasystolic centre(s). The assumption of the presence 
of areas of depressed conduction (refractory tissue) is made probable by the fact that all patients of 
these series had advanced structural heart disease. The part played by digitalis in causing the 
phenomenon under discussion is difficult to evaluate, in view of the complex effect of the drug on the 
refractory period. It seems to us quite probable, however, that it is more than a coincidence that all 
patients were under the influence of this drug, which is known to increase the refractory period of the 
conducting system on the one hand, and to promote ectopic impulse formation on the other. Since 
the length of the refractory period is also known to be largely influenced by functional changes, for 
example the ionic milieu and pH, the area of depressed conduction need not be assumed to be a 
fixed entity. Functional changes in extent and degree of refractoriness seem most probable. This 
would make it understandable that, in some cases, only impulses from certain directions, namely, 
automatic beats, precipitate coupled extrasystoles, whereas, in others, extrasystoles may also be 
elicited by supraventricular beats, but occur preferentially after automatic ones. 

In our previous paper we discussed the alternative possibility that the idioventricular automatic 
and the extrasystolic beats originate in the same centre, the different shape of the extrasystole being 
due to aberrant ventricular conduction. We pointed out that, for stated reasons, we believed the 
origin of the extrasystole in a focus distant from that of the idioventricular beat to be far more likely. 
The same arguments hold good when the whole series of six cases is considered. 

The observation made in Case 1, that coupled extrasystoles occurred only during idioventricular 
rhythm prevailing during carotid sinus pressure, but not after idioventricular parasystolic beats of 
the same shape outside carotid sinus pressure, requires an explanation. We believe that this is due 
to the excitatory effect of acetylcholine due to vagal stimulation, which is one important effect of 
carotid sinus pressure. This aspect of the action of acetylcholine and vagal stimulation has attracted 
a great deal of attention recently, largely due to the work of Burn and his collaborators (Burn, 
1950; Burn et al., 1955; Burn and Rand, 1957). Marshall and Williams (1956) studying, in isolated 
rabbit atria, pacemaker potentials and the excitation by acetylcholine found that, at certain low 
temperatures, only non-propagated pacemaker potentials were recorded, and ACh then caused 
propagated action potentials and auricular contraction. ACh was thus shown in certain circum- 
stances to restore a link between a pacemaker and the surrounding tissue. As early as 1923, 
Lewis and Drury found in dogs that vagal stimulation abolished intraauricular block produced by 
clamping or cooling, and that acetylcholine had the same effect. Marshall and Williams also stated 
that **... the slowly rising foot preceding the action potential would be seen in any region which 
was firing spontaneously, and that the production of such ‘pacemaker’ potentials is not the 
prerogative of a specific anatomical region of the heart’. (See also Trautwein and Gottstein, 
1953.) It seems reasonable, therefore, to apply these considerations also to ectopic foci. 

Furthermore, digitalis is known to potentiate the effect of acetylcholine or of vagal stimulation on 
the heart (Perry and Reinert, 1954 (with references to earlier publications); and McEwen, 1956). 

This view accords well with another observation made in this patient, namely, that the rate of the 
idioventricular rhythm during carotid sinus pressure gradually slowed. This effect, on the ectopic 
rhythm, of carotid sinus pressure in cases of ventricular parasystole has been observed before in 
patients under the influence of digitalis (Golbey et al., 1954; Scherf et al., 1957), release of acetyl- 
choline being considered as the likely cause. 

A further possible factor favouring the occurrence of coupled extrasystoles only during idioven- 
tricular rhythm resulting from carotid sinus pressure may be the longer cycle lengths of the idio- 
ventricular rhythm as compared with the coupling of the ectopic beats during sinus rhythm and para- 
systole. As mentioned above, a slow heart action tends to increase the height of U waves, asso- 
ciated with increased excitability, and thus facilitates the occurrence of extrasystoles. The shape of 

some of the automatic beats that precipitated extrasystoles is suggestive of this possibility. 
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SUMMARY 

Observations are described on three patients with ectopic ventricular arrhythmias in whom 
coupled extrasystoles were precipitated, either exclusively or preferentially, by automatic idioven- 
tricular beats, but followed conducted supraventricular beats either not at all or only on one single 
occasion or only when bigeminy had been initiated by an automatic beat. In one patient, coupled 
extrasystoles were precipitated only by idioventricular beats, when they alone activated the heart 
during carotid sinus pressure, but neither by ventricular automatic beats during sinus rhythm with 
parasystole nor by conducted supraventricular beats during atrial fibrillation. This phenomenon, 
and also the observed slowing of the idioventricular rhythm during carotid sinus pressure, are attri- 
buted to the excitatory effect of acetylcholine, and possibly also to the lower heart rate prevailing 
at such times. In the two other patients, the dominant rhythm was atrial fibrillation. These 
observations are considered in conjunction with those previously reported by us on three patients 
with closely related arrhythmias. All patients had advanced structural heart disease and were under 
the influence of digitalis. The assumption of a directional protective “‘block”’ of the extrasystolic 
centre, due to the presence of refractory tissue in the vicinity of the centre, is again put forward as 
the most satisfactory, though still tentative explanation. By its location, and degree of refractori- 
ness, at a given time, such refractory tissue would allow the initiating impulse to have access to the 
extrasystolic centre from certain directions, but not from others. It is emphasized that such 
“block” should not be visualized as a spherical wall of refractory tissue surrounding the centre, 
but as being related to the ratio strength of impulse: excitability. Functional changes in the site, 
extent and degree of refractoriness, which are greatly influenced by the ionic milieu and pH, among 
other factors, are a likely cause for the observation that, in some cases, coupled extrasystoles follow 
only automatic beats, whereas, in others, extrasystoles may also be precipitated by supraventricular 
beats, but occur preferentially after automatic ones. The origin of an extrasystole is assumed to be 
due to local, non-propagated pacemaker potentials in the centre, temporarily becoming suprathres- 
hold during a period of enhanced excitability consequent upon the initiating beat, and the under- 
lying mechanism is considered as being akin to Wedensky facilitation in nerve. 


REFERENCES 


Arvanitaki, A. (1938). Propriétés rythmiques de la matiére vivante. Actualités scientifiques et industrielles, 761 and 
762. Hermann, Paris. 

Bozler, E. (1943). Amer. J. Physiol., 138, 273. 

Burn, J. H. (1950). Proc. roy. Soc. B., 137, 281. 

——, and Rand, M. J. (1957). J. Physiol., Lond., 138, 172. 

——, Vaughan Williams, E. M., and Walker, J. M. (1955). J. Physiol., Lond., 128, 277. 

Castellanos, A., Cano, L. A., Calvifio, J. M., and Taquechel, N. (1955). Rev. cuban. Cardiol., 16, 419. 

Golbey, M., Ladopulos, C. P., Roth, F. H., and Scherf, D. (1954). Circulation, 10, 735. 

Hodgkin, A. L. (1937). J. Physiol., Lond., 90, 183, 211. 

Langendorf, R., Pick, A., and Winternitz, M. (1955). Circulation, 11, 422. 

Lepeschkin, E., and Rosenbaum, M. B. (1957). Circulation, 15, 82. 

Lewis, T., and Drury, A. N. (1923). Heart, 10, 179. 

Lorente de No, R. (1939). J. Neurophysiol., 2, 402. 

McEwen, L. M. (1956). J. Physiol., Lond., 131, 678. 

Marshall, J. M., and Vaughan Williams, E. M. (1956). J. Physiol., Lond., 131, 186. 

Perry, W. L. M., and Reinert, H. (1954). Brit. J. Pharmacol. Chemotherap., 9, 324. 

Rosenblueth, A. (1955). Arch. Institut. Cardiol. Mexico, 25, 171. 

——., Alanis, J., and Mandoki, J. (1949). J. cell. comp. Physiol., 33, 405. 

——, and Rubio, R. (1955). Arch. Institut. Cardiol. Mexico, 25, 535. 

Rubio, R., and Rosenblueth, A. (1956). Arch. Institut. Cardiol. Mexico., 26, 644. 

Scherf, D., Morgenbesser, L. J., Nightingale, E. J., and Schaeffeler, K. T. (1950). Cardiologia, Basel, 16, 232. 

——., and Schott, A. (1951). Amer. Heart J., 41, 291. 

—-, (1953). Extrasystoles and Allied Arrhythmias. W.Heinemann, London, and Grune & Stratton, New York. 

——, ——,, Reid, E. C., and Chamsai, D. G. (1957). Cardiologia, Basel, 30, 217. 

Schott, A. (1955). Brit. Heart J., 17, 247. 

Trautwein, W., and Gottstein, U. (1953). Naturwissenschaften, 40, 443. 

; , and Federschmidt, K. (1953). Pfliig. Arch. ges. Physiol., 258, 243. 

Wedensky, N. E. (1903). Pfliig. Arch. ges. Physiol., 100, 1. 

Weidmann, S. (1951). J. Physiol., Lond., 115, 227. 











—————— 





pull 
this 
the 

(19: 
usu: 
ana 
mo! 
gro 
hyp 
stru 
feat 
lun; 
cha: 
patl 
con 
witl 
vas¢ 
to-e 
beet 
in t 
pul 
ana 
lish 
vas¢ 
con 
dog 
arte 


mor 
ana: 
chai 
fact 
arte 
disc 
anin 


of NM 








mn, 
ri- 
ng 
its 
ler 


and 


ork. 
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When dogs are subjected to an anastomosis between a large systemic artery and one of the 
pulmonary arteries, the subsequent progress of events is related to the diameter of the fistula. If 
this is large, exceeding about 5 mm., there is usually a rapid onset of fatal cardiac failure, as in 
the animal described by Ekstr6m ef a/. (1951-52) and in 16 of the 21 dogs reported on by Muller et al. 
(1953) who anastomosed the aorta with a pulmonary artery. When the communication is small, 
usually 3 mm. or less in diameter, as it frequently is when the subclavian artery is employed in the 
anastomosis, the animals survive with a normal or only slightly raised blood pressure in the pul- 
monary artery, and vascular changes do not occur in the small pulmonary arteries. In a third 
group where the diameter of the fistula is intermediate in size, the animals survive with pulmonary 
hypertension, and vascular changes occur (Muller et a/., 1953; Ferguson and Varco, 1955). The 
structural changes described are usually medial hypertrophy and intimal fibrosis, histological 
features characteristic of an early grade of hypertensive pulmonary vascular disease in the human 
lung (grades 1 to 3 on the basis of the criteria of Heath and Edwards, 1958). The severe structural 
changes characterized by generalized and complex local forms of vascular dilatation, which are 
pathognomonic of the late stages of hypertensive pulmonary vascular disease associated with 
congenital cardiac septal defects in man (grades 4 to 6), do not appear to have been reported in dogs 
with artificial aorto-pulmonary anastomosis and generalized pulmonary hypertension. However, 
vascular changes comparable to these, confined to the left upper lobe, in dogs subjected to an end- 
to-end anastomosis between the left subclavian artery and the pulmonary artery to this lobe have 
been reported by Dammann et a/. (1957). In these animals there was pulmonary hypertension only 
in the restricted area of lung served by the anastomosis, while the blood pressure in the main 
pulmonary artery was normal, so that the hemodynamic conditions cannot be considered as 
analogous to those found in human disease. Hence up to the present it has not really been estab- 
lished that the complete progression of structural changes seen in human hypertensive pulmonary 
vascular disease can be experimentally produced in the dog exposed to comparable physiological 
conditions. In fact the frequency of the severe lesions in man, in contrast to the rarity of them in 
dogs, suggests that a factor of time in addition to elevation of blood pressure in the pulmonary 
artery is necessary for their development. 

The purpose of this communication is to demonstrate that higher grades of hypertensive pul- 
monary vascular disease can occur after the experimental production of an aorto-pulmonary 
anastomosis and generalized pulmonary hypertension. The presence of severe pulmonary vascular 
changes in one of three dogs subjected to this procedure is reported. The additional etiological 
factor is discussed later. The relation between the histological appearance of the pulmonary 
arteries of these dogs and that of the pulmonary arteries in man in patent ductus arteriosus is also 
discussed, bearing in mind that the hemodynamic abnormalities were acquired in the experimental 
animals but have been present from birth in human disease. 


* Working at the Mayo Foundation, Rochester, Minnesota: this is a part of the Graduate School of-the University 
of Minnesota. 
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METHOD AND MATERIAL 


A fistula between the systemic and the pulmonary circulation was produced in each of three 
dogs. It should be pointed out that the animals described in this report had originally been pre- 
pared for other studies and not specifically for the present investigation. It was thus not possible 
to obtain all of the physiological data that might otherwise have been secured. Data relating to 
sex, age, and body weight of the dogs and the operative procedure and mode of death in each 
instance are shown in Table I. Cardiac catheterization was performed in dogs | and 2, with the 
results shown in Table II. In dog 3 a biopsy of the right lung was performed 20 months after 
operation. The dogs died or were killed after the fistulae had been patent for nearly four years. 


TABLE I 
DATA RELATING TO OPERATIVE PROCEDURES 




















Anastomosis Months from establishment 
Body — Survival, Mode of anastomosis to: 
Dog weight,* Type Pulm. Mm. beyond| months of - — —- - 
kg. artery pul. trunk deatht Cardiac Biopsy 
used bifurc. catheterization of lung 
1 52:3 Modified R 20 47 Cc 47 None 
Blalockt 
2 13-6 Modified L 11 47 K 47 None 
Blalockt 
3 17-0 Potts E — 46 K | — 20 





* Weight at time of operation. Dogs 1 and 2 were adult and dog 3 was aged 8 months. All were male. 
+ C=died after cardiac catheterization; K =killed. 
t The brachiocephalic trunk was used in the anastomosis. 


TABLE II 
DATA OBTAINED AT CARDIAC CATHETERIZATION 











Months after Blood pressure, mm. of Hg 
Dog anastomosis - - - - 
established Right Right Pulmon. Aorta 
atrium ventricle artery 
1 47 0/-3 37/-3 31/17 170/125 
2 47 -5 28/-10 22/10 210/159 





At necropsy in each case the weight of each ventricle and the total heart weight were measured, 
together with the thickness of each ventricle. The ratio of the weight of the left ventricle to that of 
the right was calculated in each instance, together with the ratio of the weight of each ventricle and 
of the whole heart respectively to the total body weight. The diameter of the fistula was measured. 
These pathological data are shown in Table III. A portion of lung from each lobe of both lungs 
was embedded in paraffin. Sections of lung were stained by the Lawson modification of the 
Weigert-Sheridan method to demonstrate elastic tissue, and counterstained with van Gieson’s stain 
to demonstrate muscle and collagen. Serial sections of the material from the left lower lobe in 
dog 3 were examined. The grade of hypertensive pulmonary vascular disease according to the 
criteria of Heath and Edwards (1958) was assessed in each instance. 
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TABLE III 
PATHOLOGICAL DATA IN DoGs WITH AORTO-PULMONARY ANASTOMOSES 























Weight and ratio to body weightt Myocardial Diameter 

Body thickness, of Grade 
Dog* | weight, RV LV ROH,|} LV Total mm. fistula, of 

kg. - - g. RV — mm. HPVD 

g. Rt g. Rt g. Ri RV LV 

4 | 123 | 22 | 18 | 65 | 53 | 18 | 30 | 105 | 85] 3 | 14 0 
2 13-6 30 2:2 108 8-0 | 34 | 163 12-0 4 13 4 
3 | 170 | 6 | 3-5 | 102 | 60 | 40 | 1-7 | 202/119] 5 | 13 5 RL=1 


LL=6 





* Dogs listed in order of increasing absolute weight of right ventricle. 

+ Key: RV=right ventricle; R=ratio; LV=left ventricle; ROH=rest of heart; HPVD=hypertensive pulmonary 
vascular disease; RL=right lung; LL=left lung; LV/RV=ratio of weight of left ventricle to weight of right ventricle. 

t The ratios given in these columns are to be multiplied by 10-3. Normal ratios are as follows (Herrmann, 1925). 
LV: mean, 3-7; range, 2:7 to 4:7. Total: mean, 8-0; range, 6-0 to 10-0. LV/RV: mean, 1-4; range, 1-2 to 1-8. 
RV: mean, 2-6; range, 1-8 to 4:0. 


RESULTS 
Ventricular Weights (Table III1).—The ratio of the total heart weight to total body weight was in 
the normal range in dog | but was abnormally high in dogs 2 and 3. 

In dogs | and 2 the ratios of the weight of the left ventricle to that of the right were 3-0 and 3-6 
respectively, values exceeding the normal mean of 1-4 (range 1-2 to 1-8) (Herrmann, 1925). In 
dog 3 the corresponding ratio was 1-7, a value within the normal range, because both ventricles had 
hypertrophied: in this dog the ratio of right ventricular weight to total body weight was 3-5,* the 
normal mean value being 2-6. 

In summary, dog | showed no increase in total heart weight. Dog 2 had cardiac enlargement 
mainly due to left ventricular hypertrophy. Dog 3 had cardiac enlargement with right and left 
ventricular hypertrophy. 

Histological Observations. Structural changes in the small pulmonary arteries occurred only 
in dog 3, and for this reason it is considered first. 

Dog 3. Biopsy of the right lung revealed that the muscular pulmonary arteries were thick 
walled. Many small arterioles had thick muscular walls. There was intimal fibrosis of many 
vessels less than 100 » in diameter whose walls consisted of a single elastic lamina. It is impossible 
to say whether these vessels were arterioles or venules. 

Necropsy disclosed that the histological appearance of the pulmonary arteries in the right lung 
was different from that in the left, for while arteries of the right lung showed only medial hyper- 
trophy those of the left showed severe hypertensive changes. 

In the left lung many of the muscular arteries were hypertrophied (Fig. 1A) while others were 
dilated and had a thin media. In the lower lobe the mean medial thickness was equivalent to 15 
per cent of the external diameter of the vessel. In the upper lobe the corresponding value was 
20 per cent. Practically all the muscular arteries were severely or totally occluded by acellular 
fibrous tissue that stained bright red with van Gieson’s stain (Fig. 1A). The walls of pulmonary 
arterioles as little as 25 » in diameter consisted of a thick muscular media with internal and external 
elastic laminz: most were completely occluded by acellular fibrous tissue (Fig. 1B). 

The branches of many of the muscular pulmonary arteries in the left lung were severely dilated 
and filled with proliferated endothelium (Fig. 1C). These were very similar in structure to the 
plexiform type of “‘dilatation lesion” that characterizes the terminal stage of generalized and 
localized dilatation of pulmonary arteries and arterioles in hypertensive pulmonary vascular disease 
inman. In some sections, where the continuity of these micro-aneurysms with the parent muscular 


*In the ratios of heart weight to body weight the values given herein should be multiplied by the factor 10-3. 
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Fic. 1.—Sections are from the left lower lobe of Dog 3. (A) Transverse section of a muscular 
pulmonary artery. There is medial hypertrophy and the vessel is almost totally occluded by 
fibrous tissue, most of which is acellular. 100. (All sections were stained to demonstrate 
elastic tissue by the Lawson modification of the Weigert-Sheridan method and counterstained 
with van Gieson’s stain to demonstrate muscle and collagen.) (B) Transverse section of two 
pulmonary arterioles. In both there is a thick muscular media between distinct internal and 
external elastic laminz. The arteriole to the right is partially occluded by acellular fibrous 
tissue, and the underlying muscular media is thinned. There is no intimal fibrosis and no 
thinning of the media in the arteriole to the left. x200. (C) Transverse section of a muscular 
pulmonary artery showing medial hypertrophy, severe acellular intimal fibrosis and a dilated 
branch which formsa distended sac filled with proliferated cellular endothelium. The appearances 
are characteristic of those of a “plexiform dilatation” lesion. 150. (D) Transverse section of 
a“ plexiform dilatation” lesion which forms a distended sac containing proliferated cellular endo- 
thelium arranged in parts in a plexiform pattern. An arc of the remaining media of the 
parent muscular pulmonary artery can be seen at the periphery of the sac ( x 100). 


pulmonary artery was not demonstrated, they appeared as dilated sacs filled with proliferated 
endothelium. In a few instances an arc of the remaining media of the parent muscular pulmonary 
artery could be seen at the periphery of the distended sac (Fig. 1D). 

Some of the occluded muscular arteries in the left lung were the site of necrosis of the media as 
was exemplified by loss of the characteristic tinctorial properties with the picric acid of van Gieson’s 
stain. In some instances, portions of the media had been lost and replaced by capillary blood 
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Fic. 2.—Dog 3. (A) Part of a transverse section of a muscular pulmonary artery showing an arc 
of the necrotic media which has been replaced by a capillary blood vessel. There is reactive 
cellular intimal fibrosis. 285. (B) Part of a transverse section of an elastic pulmonary 
artery showing severe intimal fibro-elastosis. x50. (C) Longitudinal section through the 
anastomosis between the aorta, seen running horizontally at the top of the figure, and the left 
pulmonary artery, seen bent on itself in the lower portion of the figure. The aorta is free of 
intimal fibrosis except at the immediate junction with the pulmonary vessel. The pulmonary 
artery is the site of severe intimal fibrosis, the fibrous tissue being acellular and, in many places, 
hyaline. At many foci the media of the pulmonary trunk is thin. x2. (D) Transverse section 
of a dilated arteriole. The wall consists of a thick single elastic lamina. The vessel is almost 
totally occluded by fibrous tissue which is predominantly acellular. 175. Figures 2A, 2B, 
2D and 3A are from the left lower lobe. 









vessels (Fig. 2A). The necrosis of the media had not initiated an inflammatory cellular response. 
Other muscular arteries showed an arc in which muscle had been replaced by acellular fibrous 
tissue, interpreted as healed medial necrosis. 

The elastic pulmonary arteries in the substance of the left lung showed intimal fibro-elastosis 
(Fig. 2B). At the site of anastomosis the media of the pulmonary trunk was thinned and actually 
lost in some places. There was much acellular intimal fibrosis in this region, and heaped up jet 
lesions of hyaline collagenous material were present. Fine elastic fibrils, elastic laminae, and 
irregularly shaped masses of elastic tissue were found in the intimal fibrous tissue in and around the 
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jet lesions (Fig. 2C). Plaques of intimal fibrosis were seen in the aorta. There was no atheroma in 
the pulmonary arteries. 

Many dilated arterioles, the walls of which consisted of only a single elastic lamina, were totally 
occluded by cellular or acellular fibrous tissue in the left lung (Fig. 2D). The pulmonary veins 
showed moderate acellular intimal fibrosis but the large pulmonary venous trunks showed little or 
no intimal reaction. The bronchial arteries, in close apposition to small bronchi, were hyper- 
trophied (Fig. 3A). 

The elastic tissue of the pulmonary trunk formed a loosely arranged network of branched, 
irregularly-shaped fibrils, many of which had clubbed terminal expansions (Fig. 3B). This corres- 
ponds to the adult pulmonary configuration that is found in association with acquired pulmonary 





Fic. 3.—Dog 3. (A) Transverse section of a grossly hypertrophied bronchial artery which lies 
between a bronchus to the left and a muscular pulmonary artery to the right. 175. (B) Part 
of a transverse section of the pulmonary trunk. The elastic tissue is of adult pulmonary con- 
figuration, consisting of a loosely arranged network of thin, fragmented elastic fibrils. x50. 
(C) Part of a transverse section of the aorta. The elastic tissue is of typical aortic pattern, 
consisting of tightly packed elastic fibrils which are long and uniform and which run parallel 
with one another. The fibrils are crenated. x50. (D) Oblique section of a muscular pulmonary 
artery, from the upper lobe of the right lung. There is hypertrophy of the media but no intimal 
proliferation. x 100. 
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hypertension in hypertensive pulmonary vascular disease in man (Heath ef al., 1958a). This 
appearance contrasted sharply with that of the elastic tissue of the aorta, which took the shape of 
long, uniform, tightly-packed fibrils running parallel with one another (Fig. 3C). 

In the right lung the small muscular pulmonary arteries less than 300 » in diameter, with very 
few exceptions, showed only medial hypertrophy with no intimal fibrosis, medial necrosis, or 
“dilatation”’ lesions (Fig. 3D). In the lower lobe the thickness of the media reached levels equiva- 
lent to 15 per cent of the external diameter of this class of vessel, a value similar to that found in the 
left lung. In the upper lobe the thickness was less than that found in a corresponding site in the 
left lung, the greatest thickness found being equivalent to only 10 per cent. A few arteries showed 
slight acellular intimal fibrosis. 

The arterioles with a diameter as little as 35 » had a thick muscular media with internal and 
external elastic lamin, as in the left lung. Some pulmonary arterioles, the walls of which were 
formed of only a single elastic lamina, were occluded by cellular fibrous tissue. The elastic pul- 
monary arteries and large muscular pulmonary arteries, exceeding 600 » in external diameter, showed 
intimal fibrosis with admixed elastic fibrils. 

Spicules of bone were found in the right lower lobe and were not related to the site of biopsy. 
They were about 900 » in diameter and occurred either in a subpleural position or next to large 
muscular arteries (Fig. 4A). There was no hypertrophy of bronchial arteries in the right lung. 
The pulmonary veins showed acellular intimal fibrosis. 
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Fic. 4.—(A) Spicule of bone in the parenchyma of the lower lobe of the right lung in dog 3. The 
spicule is close to a muscular pulmonary artery. x50. (B) Transverse section of a normal 
muscular pulmonary artery from the lower lobe of the left lung in a dog not included in the present 
series. The media is thin and of normal thickness. There is no intimal fibrosis. 175. 

Dogs 1 and 2. The pulmonary arteries were normal in both dogs (Fig. 4B). The thickness of 
the media in a number of arteries in all lobes was in a range equivalent to 5 to 10 per cent of the 
external diameter of the vessel; rarely, pulmonary arteries with a medial thickness of up to 13 per 
cent were seen. In neither of these dogs did numerous pulmonary arterioles have a thick muscular 
media as in dog 3, although vessels as small as 50 » in diameter had a distinct, but thin, muscular 
media with limiting elastic lamine. There was no intimal fibrosis in pulmonary arteries or arterioles, 
although all showed acellular intimal fibrosis and thinning of the media at the site of the anasto- 
mosis, as described in dog 3. The configuration of elastic tissue in the pulmonary trunk was of 
the adult pulmonary type as described in dog 3 (Fig. 3B). There was no evidence of bone or of 
hypertrophy of bronchial arteries. 
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COMMENT 


In dogs land 2, in which the diameters of the fistula were | and 4 mm. respectively, the chronic 
hemodynamic conditions produced by the anastomosis were identical with those of a small patent 
ductus arteriosus in man. In these two dogs, as in man, the small size of the defect was a controlling 
factor in preventing propagation of the systemic pulse pressure into the pulmonary circulation, 
so that the mean blood pressure in the pulmonary artery in both dogs was normal (Table II). 
Under these conditions with normal pulmonary arterial pressures the arteries remained normal in 
structure, an observation that has also been made in the human lung in patients with a small patent 
ductus and the classic clinical picture of left ventricular hypertrophy, a high systemic pulse pressure, 
and the continuous Gibson murmur (Heath and Whitaker, 1955). 

In dog 3, in which the diameter of the fistula was 5 mm., the hemodynamic conditions produced 
by the defect were probably very similar to those of a large patent ductus in man. The wide com- 
munication allowed direct propagation of the systemic pulse pressure to the pulmonary circulation, 
In this dog the pulmonary arteries underwent the progressive structural changes of hypertensive 
pulmonary vascular disease as has been noted previously in the human lung in patients with a 
widely patent ductus (Whitaker ef a/., 1955). Although detailed clinical studies were not made, 
the presence of right ventricular hypertrophy and congestive cardiac failure in this dog suggests that 
there was a state analogous to the peculiarly characteristic clinical syndrome associated with severe 
pulmonary hypertension (Heath and Whitaker, 1956). 

The histological lesions in the left lung were those corresponding to grade 6 hypertensive pul- 
monary vascular disease according to the criteria of Heath and Edwards (1958). This grade of 
structural change has been found to be associated in man with a very high pulmonary vascular 
resistance, an abnormally low pulmonary blood flow, and substantial right-to-left shunts through 
congenital cardiac defects (Heath ef al., 19585). Grade 6 lesions are associated with pulmonary 
hypertension that is irreversible after correction of the septal defect, even though this was primarily 
responsible for the raised pulmonary blood pressure (Heath et a/.,1958c). The exceptional occurrence 
of generalized vascular dilatation and complex localized “dilatation” lesions in dog 3 is considered to 
be related to the long duration of the patency of the wide artificial aorto-pulmonary anastomosis (4 
years). Inthe more usual type of report dealing with pulmonary vascular change in dogs subjected to 
anastomotic operations, as exemplified by the paper of Ferguson er a/. (1953) in which only medial 
hypertrophy and intimal fibrosis are described and illustrated, the dogs were killed less than a year 
after establishment of the anastomosis. Hence the opinion they expressed that “‘increased pul- 
monary artery pressure is a principal factor associated with vascular change in the lungs”’ needs to 
be elaborated to include the factor of time. Pulmonary hypertension of short duration in man or in 
experimental animals is associated with medial hypertrophy and probably, in addition, intimal 
fibrosis (grade 1 to 3 lesions), but severe pulmonary hypertension of long duration in either species 
produces widespread vascular dilatation and necrosis (grade 4 to 6 lesions). The experiments of 
Dammann et al. (1957), previously referred to, demonstrate that, if a part of the lung only is sud- 
denly subjected to severe hypertension, the time required for the development of severe structural 
changes in the pulmonary arteries of that part is much shorter. The pulmonary arteries in a lobe 
suddenly exposed to a blood pressure of systemic magnitude pass through a series of traumatic 
changes and eventually show the same structural changes as those described in the present report 
within as short a period as eleven weeks. Hence, recapitulating to this point, we see that the 
experimental anastomosis described here reproduced the hemodynamic and pathological features 
of the two main clinico-pathological syndromes associated with a patent ductus arteriosus in man. 
Important differences, however, were observed in the histological appearance and these will now be 
considered. 

In diseases associated with pulmonary hypertension the configuration of the elastic tissue in the 
pulmonary trunk depends on the time of onset of the increased blood pressure in the pulmonary 
artery (Heath er al., 1958a). In the normal foetus the configuration of the elastic fibrils of the 
pulmonary trunk is similar to that of the aorta, although there are minor differences. In both there 
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are many elastic fibrils in the muscle and collagen. These fibrils are long, uniform, crenated, and 
tightly packed, and are parallel with one another. Although this configuration of elastic tissue 
remains in the adult aorta, changes normally occur in the pulmonary artery so that the adult 
appearance is that of a loosely arranged network of branching, irregularly-shaped, fragmented 
elastic fibrils. A transitional pattern is found in infancy. If pulmonary hypertension is present 
from birth, as in the presence of a large ventricular septal defect, the media of the pulmonary 
artery retains the foetal relationship to the aorta and has a similar elastic configuration to that of 
the aorta (Fig. 3C). If the pulmonary hypertension develops in later life, as in atrial septal defect 
or mitral stenosis, the configuration of the elastic tissue in the media of the pulmonary artery has 
undergone the transition into its adult pulmonary form. Applying this to the results of the present 
investigation, we see that the configuration of elastic tissue in the pulmonary trunk of the dogs 
with small fistule and normal pulmonary pressures was of the adult pulmonary type, as occurs in 
the human lung in association with a small patent ductus arteriosus. This would be expected since 
there is no pulmonary hypertension present. The configuration of elastic tissue in the pulmonary 
trunk in dog 3 was also of the adult pulmonary type, again as would be expected since the pulmonary 
hypertension in this animal was acquired, as in atrial septal defect or in mitral stenosis in man. 
Here the analogy to patent ductus arteriosus in man breaks down, for in man the widely patent 
ductus is congenital and associated from birth with pulmonary hypertension and, as a consequence 
of this, the elastic tissue of the pulmonary trunk is of foetal aortic type. 

The structural effects associated with pulmonary hypertension on the elastic arteries of dog 3 
differed from those seen in comparable vessels in human disease, not only in the media but also in 
the intima. As already noted, the large muscular pulmonary arteries exceeding about 600 p in 
diameter and the elastic pulmonary arteries were the site of severe disseminated acellular intimal 
fibrosis. Atheroma was not found. In contrast to this, in human disease the large pulmonary 
arteries become severely atheromatous in patent ductus with severe pulmonary hypertension 
(Johnson ef al., 1950), but non-specific intimal fibrosis in such large vessels is usually conspicuously 
absent in any form of hypertensive pulmonary vascular disease (Heath and Edwards, 1958). 

Another striking feature of the pulmonary vascular pathology in dog 3, not found in the human 
lung in patent ductus, was the great difference in severity of structural changes in the two lungs, the 
lesions in the left lung being of grade 6 severity and those in the right being of grade 1. Since the 
anastomosis in this dog united the aorta directly with the left pulmonary artery, we consider that the 
severer lesions in the left lung are caused by the kinetic energy of the stream of systemic blood at 
high pressure directly impinging on the pulmonary vasculature. The changes in the right lung 
appear to be associated with the transmitted raised blood pressure in the pulmonary artery without 
the superadded kinetic effects of the blood stream entering the left pulmonary artery at high velocity. 


SUMMARY 


A histological examination was made of the lungs of three dogs subjected to either a modified 
Blalock or a Potts’ procedure four years previously. Severe pulmonary vascular changes, rarely 
found in dogs, analogous to the severer grades of human hypertensive pulmonary vascular disease, 
occurred in the animal with the wide aorto-pulmonary anastomosis. These changes are described 
in detail. The appearance of the elastic tissue of the pulmonary trunk is described and its signi- 
ficance discussed. 

Dr. Heath was in receipt of a Rockefeller Travelling Fellowship in Medicine while participating in this investigation 
which was supported in part by a research grant, No. H3531, from the National Heart Institute, National Institutes of 
Health, United States Public Health Service. 
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THE LESS COMMON FORMS OF PULMONARY HYPERTENSION 
BY 
WILLIAM EVANS 


From the Cardiac Department of the London Hospital 
Received July 25, 1958 


The circumstances in which pulmonary hypertension is found alone or in association with 
emphysema, mitral stenosis, or congenital cardiac shunts have been described already (Gilmour 
and Evans, 1946; Evans, 1951; Evans et al., 1957; Evans and Short, 1957 and 1958). This paper 
discusses pulmonary hypertension in relation to the less common clinical states that cause a rise in 
pulmonary arterial pressure: these include recurring pulmonary embolism, strangulation of 
pulmonary veins, myxoma of the left atrium, neoplasia, scleroderma, pneumoconiosis from 
anthracosis or asbestosis, and holo-hypertension. 

Should pulmonary hypertension supervene on these several states, the symptoms common to 
the hypertension are uppermost and are seldom modified by the associated condition. In all of 
them, however, signs are added which help to uncover the disease that has either caused the hyper- 
tension or favoured its development. 


RECURRING PULMONARY EMBOLISM 


Case 1. A man, aged 63, had enjoyed good health until 18 months before when he noticed that while on holiday 
he was unable to climb hills as easily as before; on his return home he again became symptom-free. Six months 
later he was awakened by a severe stabbing pain in the back, which was aggravated by movement but not by breathing. 
There was an unproductive cough, but no fever or dyspnea. Pleurisy was diagnosed and he recovered well after 
afew days in bed. Six months later he experienced epigastric pain after walking some 20 yards and it ceased quickly 
when he halted. There was also dyspncea on effort and he was admitted to hospital a little over a year after the onset 
of his symptoms. By this time the pain had lessened, but the breathlessness, which was never of the paroxysmal 
kind, was worse and he could manage only one flight of stairs. 

On examination there was slight cyanosis and cedema of both ankles. The jugular pulse showed a prominent 
atrial wave. The liver seemed slightly enlarged. Palpation of the heart showed nothing unusual, and no pulsa- 
tion could be felt over the pulmonary artery where natural splitting of the second sound was heard, with 
accentuation of its pulmonary component. The systemic blood pressure was somewhat raised and the following 
figures were recorded in hospital—190/140, 160/125, 170/130, 140/110, 160/125, and 140/100. The blood count was 
normal. The cardiogram showed prominent P waves and right ventricular preponderance (Fig. 1). Cardioscopy 
showed moderate enlargement of the right ventricle, and much dilatation of the pulmonary artery and both its branches 
(Fig. 4). The lung fields were abnormally clear except for a small shadow in one film on the right below the outer end 
of the horizontal fissure which probably indicated an old pulmonary infarct. Cardiac catheterization discovered no 
shunt; the pressure in the main pulmonary artery was 100/52 and that in the right atrium, 12/0 mm. Hg. The mixed 
venous blood samples were approximately 45 per cent saturated. 

(2dema of the ankles and abdominal pain reappeared within a month of leaving hospital, and great dyspnea 
and cyanosis followed even slight exertion, while triple heart rhythm from addition of the third heart sound was 
elicited for the first time. When re- admitted, it was found that although the atrial pulse in the neck was as promi- 
nent as ever the second heart sound in the pulmonary area was no longer loud. Four weeks later, after a sudden 
exacerbation of abdominal pain, the patient called for a bed pan, collapsed, and died twelve hours later. The illness 
had lasted 18 months; during that time there had never been hemoptysis nor pain in the legs, and there was no 
evidence of varicose veins. 

Necropsy findings. There was considerable enlargement of the heart which weighed 503 g. (17 oz.), with great 
dilatation and moderate hypertrophy of both the right atrium and right ventricle whose conus was 0-8 cm. thick. 
The left ventricle (1-3 cm. thick) was not dilated, and there was no cardiac infarction. All the valves were healthy. 
The coronary arteries showed rather severe atheroma and the lumen of the left coronary was reduced to pin-point 
diameter for a length of 4cm. The right atrium and both ventricles contained ante-mortem thrombus, and similar 
thrombus was found in a valve pocket in the right femoral vein. The customary signs of heart failure were observed 
in the liver and kidneys. 

A laminated ante-mortem thrombus (0-7 cm. thick) was found adhering to the main left pulmonary artery, extend- 
ing into the lingular artery, and occluding it; there was an old infarct in the adjacent lung tissue. An arteriogram 
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Fic. 1.—Pulmonary hyper- Fic. 2.—Pulmonary hyper- Fic. 3.—Strangulation of pulmonary 
tension from recurring tension from recurring veins. Electrocardiogram shows 
pulmonary embolism. pulmonary embolism. right ventricular duress, but short 
Electrocardiogram Electrocardiogram of frank preponderance. Thus, 
shows right atrial and shows right ventricular the T wave is upright in leads II 
ventricular preponder- and slight right atrial and III, and the S wave is greater 
ance. Case I. preponderance. Case than Rin CRI. Case 3. 

y 





Fic. 4.—Pulmonary hypertension from recurring FiG. 5.—Pulmonary hypertension from recurring 


pulmonary embolism. Prominence of the pul- pulmonary embolism. Enlargement of right 
monary artery and its primary branches, some atrium, right ventricle, pulmonary artery and its 
of which show abnormal density. Periphery of primary branches. Unusual density of some 
lung fields clear. Case 1. pulmonary arteries. Exceptionally clear out- 


lying lung fields. Case 2. 
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could not be performed on the right lung on account of occlusion of the main artery by a laminated and firmly adherent 
ante-mortem thrombus which extended for 6 cm. from the hilum, blocking many of the branches to each lobe. There 
were three small infarcts in this lung. A bronchial arteriogram demonstrated a much greater diameter than normal 
for the arteries to the right lung, and the arborization was correspondingly more profuse than in the left lung. A 
pulmonary arteriogram of the left lung showed dilatation of the main artery, but its branches showed a normal 
calibre. Five large filling defects corresponded with the sites of thrombotic occlusion; over two of these areas abnormal 
subpleural arteries formed an anastomosis between two branches of the pulmonary arterial tree. 

On microscopical examination of the lungs the small elastic arteries were frequently occluded by a thrombus 
which had become canalized; such recanalization usually appeared as a single channel, but sometimes there were as 
many as four channels. Many of the elastic arteries, especially those in the left lung, were healthy. The small 
muscular arteries in some parts of the lungs were also healthy, but in many the lumen was greatly reduced in size by 
recanalized thrombus. The majority of the arterioles were healthy and only once was there narrowing from re- 
canalization of an occluding thrombus. 

There was no evidence anywhere of either medial hypertrophy or hypoplasia or of intimal proliferation. 

Case 2. A man, aged 38, had been rejected for military service by a Medical Board 13 years before on account of 

varicose veins; nothing was said about his heart at this time. During the next eight years he suffered from recurrent 

ulceration of the right leg and eczema of both ankles. At the age of 33 a Trendelenberg operation was performed on 
both legs, and three years later he experienced pain across the chest while walking; despite great difficulty in breathing 
he arrived home unaided, but he had to halt frequently on the way. The chest pain ceased after three hours, but some 
tightness persisted for several days and he was unable to return to work for three weeks. During the following months 
there was progressive dyspnoea which compelled him to give up work a year later. Mercurial injections were pres- 
cribed for his ceedema. 

A loud systolic murmur in the left fourth intercostal space near the sternum at this time suggested the diagnosis 
of ventricular septal defect. Six months later he was admitted to hospital when he was found to be short of breath 
after walking slowly the length of the ward. He also suffered from nocturnal dyspnoea when each attack lasted about 
ten minutes. There was no cough, hemoptysis, or chest pain. There was obvious cyanosis of the ears and face, 
solid edema of both ankles, enlargement of the liver, and ascites. The blood count was normal. The external jugular 
veins were distended and a prominent atrial pulse was present. The radial pulse was small and the blood pressure 
was 120/95. The cardiac impulse was diffuse and its character suggested right ventricular enlargement. A moderately 
loud systolic murmur at the left sternal border was not accompanied by a thrill. The second heart sound in the 
pulmonary area was loud and showed narrow splitting, while a triple rhythm was heard from addition of the third 
heart sound at the lower end of the sternum. The cardiogram showed right ventricular preponderance (Fig. 2). 
Cardioscopy demonstrated slight to moderate cardiac enlargement affecting chiefly the right ventricle and atrium. 
The pulmonary artery and both its branches were dilated, and the increased density of the left pulmonary artery was 
a special feature of the left oblique position (Fig. 5). In a film the medium branches were reduced to mere threads 
and the lung fields appeared exceptionally translucent. There was no evidence of pulmonary infarction. 

A diagnosis of pulmonary hypertension was made and cardiac catheterization was considered advisable because it 
seemed likely that a congenital heart defect was also present, but the test had to be abandoned after inadvertent entry 
of the catheter into the coronary sinus. Throughout his stay in hospital the patient complained of tightness in the 
chest, and on one occasion it became severe on the right side and appeared to have its source in the pleura. He died 
three weeks later and two years after the first episode of tightness in the chest. 

Necropsy findings. There was great enlargement of the heart which weighed 595 g. (21 oz.) with moderate hyper- 
trophy of the right atrium and very great hypertrophy of the right ventricle (0-9 cm. thick). There was no enlarge- 
ment of the left atrium and left ventricle (1-0 cm. thick). The heart valves and the coronary arteries were healthy, and 
the heart septa were intact. Recent and old laminated ante-mortem thrombus was found in the right atrium, and there 
was complete thrombotic occlusion, apparently of long duration, of the left femoral vein 7 cm. above the popliteal 
space. The usual signs of heart failure were present in the liver and spleen together with considerable ascites and small 
pleural effusions. A pulmonary arteriogram could not be carried out on account of thrombosis within the main 
pulmonary artery and both its branches. Partly organized thrombus almost wholly occluded both the right and 
the left pulmonary artery beginning 3 cm. beyond the pulmonary valve and extending into many peripheral 
branches. 

On microscopical examination of the lungs a few small elastic arteries demonstrated some degree of hypertrophy 
and many showed old thrombosis with canalization producing a lumen of variable size and often very narrow (Fig. 6A). 
The muscular arteries sometimes showed contracture and without thrombosis, while others demonstrated old and 
recent thrombosis which in places had produced complete occlusion of the lumen and elsewhere partial obstruction, 
in that recanalization had taken place. There was no evidence of medial hypoplasia (Fig.6B). The arterioles were 
usually normal, but occasionally they were narrowed by adherent thrombus. 


Discussion. We have stated elsewhere (Evans ef al., 1957) that pulmonary hypertension 
following repeated pulmonary embolism may be difficult to distinguish on clinical grounds from 
solitary pulmonary hypertension, and that this may apply even at necropsy, especially when the 
small arteries are involved. Furthermore, in all forms of pulmonary hypertension, thrombotic 
or even embolic occlusion of the larger pulmonary arteries is common, and only careful examination 
of the whole pulmonary arterial system can decide the primary condition. 

In regard to the recognition of recurring embolism as the cause of pulmonary hypertension it 
is clear that clinical examination too often fails to arrive at this diagnosis, while examination at 
necropsy errs in its too frequent diagnosis. 
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Fic. 6.—Pulmonary hypertension from recurring pulmonary embolism. (A) Elastic artery ( x 33) shows 
hypertrophy of its wall and great lessening of its lumen by organizing thrombus. (B) Organizing 
thrombus within muscular artery ( x 100) with intact media. Case 2. 


Its clinical diagnosis is facilitated by attention to the following features. Pulmonary hyper- 
tension from recurring embolism tends to appear at a later age, usually over 40, than the solitary 
form; episodes of pleuritic pain, breathlessness, hemoptysis, and even the formation of pleural 
effusion, may occur; the electrocardiogram subsequent to such recurrences of pulmonary infarction 
changes from a pattern of right ventricular duress to one of frank preponderance; careful examina- 
tion of the lower limbs may uncover swelling of one ankle in excess of the other, and evidence of 
varicose veins or of phlebothrombosis; terminally when thrombosis within the pulmonary artery 
has extended proximally to reach the pulmonary valves, the previous accentuation of the pulmonary 
second sound disappears; at cardioscopy one or other pulmonary artery commonly shows an 





Fic. 7.—Pulmonary hypertension from recent pul- Fic. 8.—Strangulation of pulmonary _ veins. 
monary embolism. Unusual density of pul- Moderate enlargement of pulmonary artery 
monary arteries from an intra-arterial thrombus. and prominent shadowing at hila. Case 3. 
Distal end of thrombus (arrow) marked by 

amputation of the arterial shadow. Patient was 

one outside this series. 
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increase in its density, a noticeable immobility, and abrupt amputation of its shadow at the site 
where the thrombus ends (Fig. 7). 


In regard to treatment it would appear desirable to ligature the inferior vena cava to prevent the 
passage of further emboli from the veins of the lower extremities. To achieve this favourable end, 
however, is difficult. Thus, when pulmonary infarction, even if recurrent, does not initiate pul- 
monary hypertension, ligature is not needed, and when pulmonary hypertension has ensued, the 
purpose of the ligature no longer prevails. 


STRANGULATION OF PULMONARY VEINS 


Case 3. A man, aged 35, had been accepted for military service, and had participated actively in routine dutie 
until his discharge after four years on account of breathlessness which was considered to arise from mitral stenosis. 
This symptom continued for seven years when hemoptysis took place, which a year later was so frequent and profuse 
as to need intravenous iron therapy. 

When examined in hospital there was no breathlessness at rest. He was pale and slightly anemic. His cough 
had abated and so also had hemoptysis. His sputum did not contain tubercle bacilli and the Mantoux test was nega- 
tive. Similarly, other serological tests were normal. The pulse was rather small and the blood pressure was 110/85. 
The atrial pulse in the neck was a little prominent. There was pulsation over the right ventricle and its conus. 
Closure of the pulmonary valves was felt. In the pulmonary area there was a systolic murmur, which followed a sound 
in early systole, and close splitting of the second heart sound whose pulmonary component was exceptionally loud. 
No diastolic murmur was heard. 

The electrocardiogram showed inversion of the T wave in right ventricular leads as far as CR4, but the R wave 
remained less than the S wave in CR1 throughout the illness, while the T was upright in leads II and III; the P waves 
were natural (Fig. 3). Cardioscopy showed fullness of the right atrium, enlargement of the pulmonary artery, absence 
of left atrial enlargement, and heavy shadows at the pulmonary hila (Fig. 8). On cardiac catheterization the pul- 
monary arterial pressure was 95/40 with a mean value of 60 mm. At bronchoscopy the mucosa was found to be red 
and cedematous, and it bled when touched. 

He was treated in turn with streptomycin, prednisone, and deep X-rays, but he deteriorated when hemoptysis 
recurred, and he died 12 years after the onset of breathlessness that gave rise to a diagnosis of heart trouble, and 
five years after the onset of hemoptysis. 

Necropsy findings. There was moderate hypertrophy without dilatation of the right ventricle (1 cm. thick); left 
ventricle (1-7 cm. thick). The endocardium, valves, and coronary arteries were healthy. 

A grey firm mass, approximately 6 cm. diam., situated at the tracheal bifurcation (Fig. 10), had produced stenosis 
of both main bronchi, and of the pulmonary arteries to the right middle and lower lobes. It closely embraced the 
pulmonary veins, completely obliterating the lower right and the upper left veins, and severely constricting the two 
remaining pulmonary veins. Histological examination showed a dense hyaline fibrosis with scattered foci of plasma 
cells and lymphocytes mainly towards the periphery. The exact etiology of the granulomatous process was unknown, 
but it did not seem to be tuberculous in nature, and two caseous glands that it enclosed were considered to be 
incidental. 

Histological examination of the lungs showed gross distension of pulmonary veins which were either partly, but 
more often wholly, filled by organizing thrombus. Thrombus also lined portions of the larger pulmonary arteries. 
The lesser pulmonary arteries were contracted, but were unaffected by intimal proliferation, and their media was 
intact, for hypoplasia was absent (Fig. 9). 


Discussion. Kunkel et al. (1954) reported 16 cases in which a mediastinal granuloma was 
confirmed following thoracotomy. In 11 the lesion was cystic and calcification was common, and 
as a rule it was situated to the right of the trachea. There was never proof that it was tuberculous 
innature. Usually the patients had no symptoms, and the condition had been discovered following 
a radiological examination of the chest. It is unlikely that the case reported here is kindred to 
the cases described by these authors. 

In 1951, however, Edwards and Burchell reported an identical case. This was a woman aged 26, 
who died following catheterization: she had complained of a cough for four years, but had voided 
no sputum and had no hemoptysis, though latterly she had been troubled with great breathless- 
ness. At necropsy a mass, which on microscopical examination showed dense bundles of relatively 
acellular collagen, had caused severe obstruction of the pulmonary veins. Thus, the left superior 
and inferior veins had joined to form a common trunk that was constricted to a diameter of 2 mm. 
Similarly, the right superior pulmonary vein was reduced to 1 mm. diameter. The right inferior 
vein was only moderately compressed. 

Although the pulmonary artery pressure was 98/45 and the authors reported the case under the 
title of multiple pulmonary venous obstruction with pulmonary hypertension, it does not comply with 
the definition which we have laid down for pulmonary hypertension (Evans et al., 1957), for the 
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Fic. 9.—Strangulation of pulmonary veins. (A) Complete obliteration of pulmonary vein 
(215 ») by organizing thrombus. (B) Partial obliteration of pulmonary vein (85 p) by 
organizing thrombus. (C) Thrombus in muscular artery (220 »). (D) Obliteration of 
= artery (170) by recent thrombus. The walls of both muscular arteries are intact. 

ase 3. 


electrocardiogram showed no evidence of right heart preponderance; thus, the R wave was only 
0-4 mv. and S was 1-2 mv. in lead V1. The right ventricle at necropsy measured 0-5 to 0-7 cm. in 
thickness compared with 1-1 cm. for the left ventricle. In the histological illustrations there was 
venous thrombosis, and canalized thrombosis in a muscular artery which had an intact media. 

Almost identical findings were met with in the case reported here, so that although the pulmonary 
arterial pressure had been substantially raised, and presumably for some years, the electrocardiogram 
showed evidence of right ventricular duress only, and no ventricular preponderance. It is con- 
sidered that the reason for this lies with the absence of intimal proliferation within the pulmonary 
arteries. The arterial walls were intact and showed no hypoplasia of the media. These findings 
appear to confirm that such medial deficiencies, of congenital origin and provoking occlusive 
intimal proliferation, are the cause and not the result of pulmonary hypertension. 

This conclusion has an important bearing on treatment, because removal of a greater part of 
the granuloma in these cases, difficult though the procedure would be, will release constriction of 
the pulmonary veins, and in turn relieve the pulmonary arterial tension, for only exceptionally will 
there be arterial obstruction from intimal proliferation. 


MYXOMA OF THE LEFT ATRIUM 


Case 4. A youth, aged 19, had been accepted for military service a year before, but when examined two months 
later he was discharged because of a heart murmur which was considered to arise from mitral stenosis. Six months 
later he became short of breath and was found to have heart failure for which he received customary treatment. 
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Hemoptysis followed by a persistent cough and pyrexia, were considered to have stemmed from pulmonary infarction. 
He improved a little for a time, but was admitted to hospital three months later on account of an increase in his 
symptoms. ; , 

He was pale, anemic, and breathless. The pulse was small and 105 a minute, and later in the illness it became 
irregular from auricular fibrillation. The blood pressure was 110/70. The jugular venous pulse reached to the angle 


_ ofthe jaw. The pulmonary second sound wasa little loud. In the mitral area there was a systolic murmur from mitral 


incompetence and triple rhythm from addition of the third heart sound. In the tricuspid area a systolic murmur 
from tricuspid incompetence was better heard during inspiration. The liver was enlarged, and there was some ascites 
and oedema of the ankles. Jaundice followed further pulmonary embolism, and right-sided hydrothorax developed. 
The cardiogram (Fig. 11) showed bifid P waves and evidence of right ventricular duress, but short of preponderance; 
later the tracing showed auricular fibrillation. Radiological examination showed enlargement of the heart to the 
right and left (Fig. 12), and prominence only of the left atrium. The sedimentation rate was raised consistently, 
varying from 37 to 97 mm. an hour. The blood culture was sterile, and the hemoglobin was 64 per cent. The white 
cell count was 9000 per c.mm. The serum albumen was 1-9 g. and the globulin 4-5 g. per 100 ml. 
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Fic. 10.—Mass at bifurcation of trachea is seen constricting Fic. 11.—Myxoma of left atrium. 
bronchi, and tightly embracing two pulmonary veins Electrocardiogram shows right 
with obliteration of the other two. Case 3. ventricular duress, but short of 


frank right heart preponderance. 
The S-T depression in most leads 
is a digitalis effect. Case 4. 


The diagnosis was considered to be acute rheumatic endocarditis of both mitral and tricuspid valves in that there 
was evidence of considerable tricuspid incompetence and some mitral incompetence. He received routine treatment 
for heart failure and a blood transfusion was carried out. He improved a little and was about to leave hospital when 
he collapsed suddenly and died. 

Necropsy findings. A myxomatous polyp (6x6x3 cm.) filled the left atrium and projected through the mitral 
valve into the left ventricle (Fig. 13). The heart weighed 529 g. (184 0z.). The left ventricle (1 cm. thick) was dilated, 
and the right ventricle (0-8 cm. thick) was hypertrophied. All valves were healthy. The customary signs of heart 
failure were present in other organs. The lungs showed large areas of infarction. Histological examination showed 
extensive thrombosis with recanalization of pulmonary veins (Fig.28 A), and similar uncanalized and recanalized throm- 
bosis of a few large and small pulmonary arteries whose media was intact throughout, showing no segmental hypo- 
plasia (Fig. 28B). 
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Fic. 12. (top left)—Myxoma of left atrium. Great 
generalized enlargement of the heart with pulmonary 


congestion and bilateral hydrothorax. Case 4. 


Fic. 13. (top right)—Myxoma of left atrium. The 
growth which fills the left atrium is seen protruding 
through the mitral orifice into the left ventricle. 
Case 4. 


. Fic. 14. (bottom left)—Pulmonary hypertension from 
i anthracosis. Transverse section of heart to show 
great hypertrophy of the right ventricle. Case 9. 


Case 5. A man, aged 59, was first seen because of loss of weight and energy; he had a mild fever and a raised 
sedimentation rate. The hemoglobin content was 77 per cent, the white cell count 9000 per c.mm., the serum albumen 
was 2-7 g. and serum globulin was 5-3 g. He was watched for four years before he died. Other symptoms and signs 
were added during this period. Thus, breathlessness set in with palpitation, and signs of heart failure appeared. 
One time he experienced temporary blindness in one eye. The pulse was rather small and the blood pressure was 
usually about 140/85 and later 90/60. The jugular venous pressure was raised and an atrial pulse was noticed. 
The first heart sound was remarkably loud and followed by a moderate systolic murmur. The second heart sound was 
split in the pulmonary area and its pulmonary component was loud. Triple rhythm from addition of the third heart 
sound ultimately appeared. The pulmonary arterial pressure was 55/10 mm. Hg and the right ventricular pressure 
55/0. The electrocardiogram showed no right ventricular preponderance, but some evidence of right ventricular 
duress latterly. Radiology of the chest showed enlargement of the right atrium and ventricle, some distension of the 
left atrium, and prominence of the pulmonary artery and its main branches. Ultimately his death was sudden. 

Necropsy findings. A myxomatous growth filled the left atrium. There was moderate enlargement with hyper- 
trophy of the right ventricle, and dilatation of the right atrium. The pulmonary artery was dilated and somewhat 
hypertrophied. Several areas of infarction were present in the lung. Microscopical examination showed contracted 
pulmonary arteries which here and there were partly filled with thrombus. There was no hypoplasia of the media, 
and no obstructive intimal proliferation. 


Discussion. In the two patients just described, in whom a myxoma filled the left atrial 
cavity, there was evidence of a raised pulmonary arterial pressure or a state of pulmonary hyper- 
tonia, following obstruction of the blood flow from the lung to the heart. Although the condition, 
as judged from the symptoms, had been present for ten months in one and upwards of four years 
in the other, true pulmonary hypertension was not present, and the electrocardiogram showed only 
right ventricular duress, short of ventricular preponderance. This is explained by the absence of 
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intimal proliferation within the pulmonary artery in spite of the raised pulmonary pressure. It is 
held that the absence of proliferation in this circumstance was directly related to the intact arterial 
walls, for neither case showed hypoplasia of the media. This again supports the view, that intimal 
| proliferation seen in cases of pulmonary hypertension owes its inception to the medial deficiencies 
and not to the raised arterial pressure. 


NEOPLASIA 


Case 6. A man, aged 52, had complained of increasing breathlessness for four years, and had experienced bron- 
chitis for several winters when much sputum was voided. Two months before, a right-sided hemiparesis took place 
with partial aphasia, but without loss of consciousness. 

When examined in hospital he was breathless and had a bad cough. The pulse was natural and the blood pressure 
was 125/85. The venous pulse in the neck was prominent, moist sounds were heard over both lung bases, the liver 
was enlarged, and there was cedema of the ankles. The second heart sound was closely split and its pulmonary 
component accentuated. Triple heart rhythm from addition of the third heart sound was heard before treatment 
commenced. The cardiogram showed gross right heart preponderance, and on cardioscopy there was moderate 
enlargement of the right atrium and ventricle, together with prominence of the main pulmonary artery and its primary 
branches. 

He improved for a time from digitalization and the use of mercurial diuretics, but later he lost both appetite and 
weight, while the heart failure signs advanced in the face of treatment, and he died six months after his admission 
to hospital. 

Necropsy findings. The heart weighed 460 g., and showed great hypertrophy of the right ventricle whose wall was 
0-9 cm. thick compared with 1-7 cm. in the case of the left ventricle. A carcinoma of the bronchus had spread to 
involve mediastinal glands and the pericardium. A pulmonary arteriogram showed large areas unfilled by injection 
mass because of obstructive arterial lesions. It also showed free pulmonary-bronchial anastomosis. 

The growth had invaded the right pulmonary artery for a distance of 2 cm. causing occlusive thrombosis of arteries 
} tothe right middle and lower lobe and to the left lower lobe. Hemorrhagic infarction of the whole of the right middle 
lobe. Both lungs were emphysematous. 

On microscopy the growth proved to be a polygonal cell carcinoma which had penetrated the wall of the main 
branches of each pulmonary artery in several places. Several arteries were occluded with intimal proliferation and 
organizing thrombus, which here and there was impregnated with neoplastic cells. Adjacent to the intimal prolifera- 
tion were segments of arterial medial hypoplasia. 

Case 7. A girl, aged 19, noticed a small lump in the lower part of her right thigh two years before. The diagnosis 
of an osteosarcoma of the femur was made and neither deep X-ray therapy nor implantation of radium checked its 
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growth, and the leg was amputated. Five months before her death she developed a pleural effusion which resolved 
spontaneously on rest, but thereafter she complained of increasing shortness of breath. 

The pulse was rapid and the blood pressure was 95/70. The atrial pulse was prominent in the neck. There 
was increased pulsation over the right ventricle and its conus. A slight systolic murmur was audible to the left of the 
sternum as well as a triple heart rhythm from addition of the third heart sound, while in the pulmonary area the 
second heart sound was split with accentuation of its pulmonary component, and this was followed by a Graham 
Steell murmur. The cardiogram showed right atrial and right ventricular preponderance (Fig. 15). At cardio. 
SCOP Y the right atrium, right ventricle and pulmonary artery with its primary branches were seen to be enlarged 
(Fig. 18). 





Fic. 18.—Pulmonary hypertension from pulmonary growth embolism. (A) Normal teleradiogram at start of 
illness. (B) Considerable enlargement of the right heart and of pulmonary artery and its branches with 
shadowing at both lung bases, found twelve months later. Case 7. 


Necropsy findings. The heart weighed 234 g. (10 oz.). There was dilatation and hypertrophy of the right 
ventricle with its wall 0-8 cm. thick, compared with 1-3 cm. for the left ventricle. The valves were healthy and there 
was no evidence of intracardiac thrombosis. Growth covered by thrombus filled both right and left pulmonary arteries 
and most of their primary branches except one supplying the right upper lobe. Several areas of infarction in lungs. 
No growth in lung parenchyma nor in mediastinal glands. 

On microscopy the growth which was identified as a chondrosarcoma, filled most of the larger branches of the 
pulmonary artery, wholly occluding them, and in places breaking through the arterial wall to invade the surround- 
ing tissue (Fig. 19). The lesser pulmonary arteries distal to the growth were filled with organizing thrombus. 


Discussion. Pulmonary hypertension from neoplastic obstruction of the pulmonary arteries 
is uncommon, and this is explained by the limited duration of the patient’s illness once the growth 
has reached the lungs. It is seldom too that the intra-arterial growth which has caused the hyper- 
tension has resulted from its extension from an adjoining focus in the lung. Such extension is a 
mark of its high malignancy which does not allow time for the arterial obstruction to become so 
diffuse as to cause pulmonary hypertension. It is usual also for such a penetrating growth to 
produce fatal hemorrhage following the arterial invasion as in the case reported by Werner (1941). 

Aithough in Case 6 the neoplasm had spread from the lung into the pulmonary arteries, such 
extension was limited and was considered to be a terminal event in a patient whose pulmonary 
hypertension had been established earlier by intimal proliferation formed in association with 
medial hypoplasia and with emphysema. The circumstances in which neoplasia are directly res- 
ponsible for the establishment of pulmonary hypertension are illustrated by Case 7, in whom embolic 
growth was propagated in continuity within the ramifications of the pulmonary arteries, but its 
malignancy was sufficiently subdued to allow time for pulmonary hypertension to develop. 
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Fic. 19.—Pulmonary hypertension from pulmonary growth embolism. (A) Pulmonary artery (x60) filled 
with chondrosarcoma (C) at the centre and organizing thrombus (T) at the periphery. (B) Pulmonary 
artery (x20) filled with organizing thrombus (T) and chondrosarcoma (C), which at one point (arrow) 
has broken through the arterial wal'. Case 7. 


SCLERODERMA 


Case 8. A man, aged 30, noticed that his fingers became numb and discoloured while bathing in the sea. A 
year later the hands and feet became swollen, and when he developed pain in the chest he was found to have pyrexia, 
pericardial friction sound, some degree of enlargeinent of the heart, infective polyarthritis, and a raised sedimentation 
rate. He was treated with penicillin, but without benefit to his joints or abatement of pyrexia which ranged from 
99° to 103° F. The blood count was normal and showed neither leucocytosis nor eosinophilia. The blood culture 
was negative. The urine contained a small amount of albumen. He improved a little, but his condition again 
deteriorated during the next two months. A slight irregular pyrexia continued. There was limited movement of 
the spine, diffuse thickening of subcutaneous tissue of hands, fingers, feet and toes, with a slate-grey discoloration 
of the skin in these regions, and over the lower spine and buttocks. There was no cyanosis. The pulse was small 
and rapid, with a rate varying from 100 to 230 a minute. The blood pressure was 125/80. The auricular wave of 
the jugular pulse was prominent, and pulsation over the right ventricle was increased. In the pulmonary area a sound 
in early systole was followed by a systolic murmur, and there was close splitting of the second heart sound whose 
pulmonary component was accentuated. A triple heart rhyti:m due to addition of the third heart sound was heard 
at the lower end of the sternum. The cardiogram showed right auricular and ventricular preponderance (Fig. 16). 
On cardioscopy there was enlargement of the right atrium, right ve:tricle, left ventricle, main pulmonary artery, and 
its primary branches which showed increased pulsation (Fig. 17). Biopsy of skin from the left forearm was not 
informative. There was no excess of 17-ketosteroid in the urine. He was given intramuscular injections of ACTH 
for a fortnight (1200 mg. in all), but this was discontinued with the advent of fluid retention. He felt better within a 
week and was allowed to go home, but was re-admitted five weeks later because of abdominal pain, diarrhoea, breath- 
lessness, and swelling of the ankes. Heart failure signs had increased with a very high venous pressure and great 
distension of liver. There was now gross albuminuria. The blood pressure continued to be normal. He was given 
digitalis and both fluid and salt intake was restricted. Severe vomiting and diarrhoea set in. His blood urea was 
raised (51 mg. per 100 ml.) and convulsions set in. The retinae showed papilloeedema, hemorrhage and exudate. 
The blood pressure rose to 180/120 and four days later to 210/150, and remained high until his death three weeks later. 

Necropsy findings. The heart weighed 781 g. (274 0z.). There was severe hypertrophy of the left ventricle without 
dilatation, and moderate hypertrophy and dilatation of the right ventricle. There was both recent and old peri- 
carditis. The various organs showed the customary changes of heart failure. 

Microscopy showed widespread arterial and arteriolar lesions in the skin, lungs, kidneys, gall bladder, intestine, 
and pancreas, but not in the suprarenals. The changes were severe and had caused such obstruction of the affected 
arteries and arterioles as to diminish or even occlude these vessels. The intra-arterial proliferative tissue consisted 
of a sparsely nucleated clear material. The media of the muscular arteries remained undisturbed, and the internal 
and external elastic layers were normally disposed (Fig. 20). 


Discussion. In local scleroderma or morpheea the skin alone is diseased, but in its generalized 
form the pathological process involves muscle and blood vessels in addition to connective tissue. 
Matsui (1924), reporting on the clinical and pathological findings in six patients, particularly 
emphasized the vascular lesions that might occur in different localities, and Bevans (1945) discussed 
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two cases where generalized scleroderma, endocardial and myocardial fibrosis, pulmonary fibrosis. 
and severe vascular lesions, were present in addition to the usual skin changes. She stated that the 
severity of the changes in the muscle bore no direct relationship to the extent of the vascular lesions 
Dowling (1955) stated that clinical signs in the lungs in dermatomyositis varied from moderate short. 
ness of breath to severe pulmonary hypertension. Christianson et al. (1956), reviewing unusual 
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Fic. 20.—Pulmonary and systemic hypertension from Fic. 21.—Pulmonary hypertension from an- 


scleroderma. The peculiar tissue of scleroderma thracosis. Electrocardiogram in (A) is 
almost completely fills the pulmonary arteries in (A) normal. In (B), which was recorded six 
(x 145), (B) (x 300), and (C) ( x 250), the renal arteries years later, it shows right ventricular pre- 
in (D) (x95), and an artery to the gall bladder in (E) ponderance. Case 9. 


(x90). Case 8. 
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features and complications in 270 cases of dermatomyositis, did not mention pulmonary hyper- 
tension as one of them. Coolidge (1957) examined the electrocardiogram in 27 patients with derma- 
tomyositis and found it normal in 19, while the changes were only slight in the remaining 8; in none 
was there evidence of right ventricular preponderance. Talbot et a/. (1939) reported a case in which 
all the viscera showed slight to moderate vascular changes, but the brunt had fallen on the renal 
arteries, Where the proliferative process was well seen as a subintimal, sparsely nucleated, palely 
basophilic, and mucinous material having the appearance of Wharton’s jelly. The internal elastic 
jamina was intact, and the lumen of the affected vesse!s was often a slit-like orifice as a result of the 
intimal thickening. The weight of the heart was 240 g. In a woman aged 26, reported by Lewis 
(1940), the same intimal thickening was present in arteries to the fingers of the right hand and in 
arterioles of the kidney. During life the blood pressure rose from 140/95 to 205/145 and the blood 
urea was 225 mg. per 100 ml. The weight of the heart was 270 g. No mention was made of the 
pulmonary arteries. 

In the case reported here although the specific intra-arterial proliferation was present in most 
of the viscera, the material changes had taken place in the pulmonary and renal arteries, producing 
respectively pulmonary and systemic hypertension (holo-hypertension). A most remarkable finding 
was the great hypertrophy of the left ventricle, presumably reflecting a state of hypertension, although 
the blood pressure was only raised during the month preceding death. It is likely that the existence 
of pulmonary hypertension limited the rise of the systemic blood pressure until the last phase of 
the illness. Remarkable also in the electrocardiogram was the predominance of right ventricular 
preponderance over left, in the presence of such impressive hypertrophy of the left ventricle. 
The finding of such left ventricular hypertrophy, presumably the result of renal ischemia, in the 
absence of a raised systemic blood pressure except for three weeks before the patient’s death, 
suggests that in systemic hypertension, the hypertrophied left ventricle may arise directly from renal 
ischemia, and may not be the direct effect of the associated raised blood pressure. This explains 
why in patients exhibiting the innocent clinical state of systemic hypertonia, the blood pressure 
value may reach impressive heights and yet the left ventricle does not enlarge. 

The investigation, together with perusal of reported cases, would appear to establish that it is 
unusual for the heart to be affected in scleroderma and in dermatomyositis. When it is involved, 
it suffers in one of three ways, either from myocardial fibrosis, from pulmonary hypertension that 
follows infiltration of the pulmonary arteries by material peculiar to the disease, or from systemic 
hypertension that follows renal ischemia caused by invasion of the renal arteries by the same 
specific material. 


PULMONARY ANTHRACOSIS 


Case 9. A coal-miner, aged 51, had worked underground for 23 years, and had been breathless for 16 years. He 
was also troubled with a cough and the expectoration of tiack sputum, while latterly a fairly severe hemoptysis had 
setin. He was liable to recurrent attacks of bronchitis. The pulse and blood pressure were natural, and at the start 
of the illness, examination of the heart found no abnormal signs. The cardiogram (Fig. 21A) was a physiological 
tracing, while radiological examination of the chest showed no enlargement of the heart, but shadows consistent with 
fibrosis of the lungs were present, particularly on the left side (Fig. 22A). Gradually the clinical signs of pulmonary 
hypertension set in and right ventricular preponderance appeared 1” the cardiogram (Fig. 21B). Great extension 
of the pulmonary shadows had also taken place (Fig. 22B), and heart failure signs progressed. 

ee findings. The heart weighed 494 g. There was great hypertrophy of the right ventricle (Fig. 14) which 
weighed 227 g. compared with a left ventricle of 169 g. A pulmonary arteriogram showed pruning of small and 
several larger pulmonary arteries. Both lungs showed large areas of dust fibrosis with patches of compensatory 
emphysema. 

Histological examination showed invasion of pulmonary arteries by dust-bearing fibrotic tissue which along 
with thrombosis, had caused widespread arterial occlusion (Fig. 23). 


Discussion. Among 100 patients with heart failure and normal rhythm reported by Parkinson 
and Clark-Kennedy (1925), 19 had enlargement of the right atrium and ventricle associated with 
pulmonary emphysema. In these they described hypertrophy of the pulmonary artery and its 
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branches with intimal proliferation, which they thought had caused a persistent rise in the pulmonary 
arterial pressure. In one of their patients there was obliterative endarteritis in an anthracotic 
nodule. 

Gough (1946) has made valuable contributions to the pathology of anthracosis, and while work. 
ing in his department, Wells (1954) examined the pulmonary arteries in 388 necropsies on coal- 
miners and described the histological changes under the three main heads of simple pneumoconiosis, 
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Fic. 22.—Pulmonary hypertension from anthracosis. No enlargement of the heart in (A) at the time when 
the first cardiogram (Fig. 21A) was recorded. Moderate enlargement of the heart and pulmonary artery 
in (B), six years later when second cardiogram (Fig. 21B) was recorded. Much greater pulmonary fibrosis 
in (B) than in (A). Case 9. 





Fic. 23.—Pulmonary hypertension from anthracosis. (A) Particles of coal dust mingled with organizing 
thrombus severely restricting lumen of pulmonary artery (280 4). (B) Similar changes with recanalization 
of pulmonary artery (150). Case 9. 
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massive pneumoconiosis, and pneumoconiosis with tuberculosis. In the fibrotic areas in cases 
with massive pneumoconiosis there were both destructive and obstructive changes, involving both 
the small and medium-sized pulmonary arteries. The adjacent fibrotic process had eroded the 
walls and caused ulceration of the intima. He found thrombosis of considerable age occupying 
the main pulmonary arterial branches whenever the lobes that they supplied were the seat of severe 
fibrosis. He considered that such thrombosis had formed in situ and was not the result of embolism, 
and that the thrombosis first occurred in an arteriole near the growing fibrotic mass and extended 
proximally by reason of the stasis in the main vessel supplying that area. Thereafter, organization 
of the thrombus with recanalization takes place in the vessels close to the massive fibrotic lesions. 
Wells considered that the over-all loss of vessels from this process, and to a lesser extent by 
emphysema, was sufficient to cause pulmonary hypertension. James and Thomas (1956) were 
able to confirm these findings when they investigated cardiac hypertrophy in coalworkers’ pneumo- 
coniosis. Thus, marked right ventricular hypertrophy, recognized from the thickness of the right 
ventricular wall and often detectable during life in the electrocardiogram, was present in 57 per cent 
of those with massive fibrosis, but only in 17 per cent of the cases of simple pneumoconiosis. They 
established a direct relationship between the degree of enlargement and the extent to which arteriolar 
stenosis had restricted the pulmonary vascular bed. 


PULMONARY ASBESTOSIS 


Case 10. A woman, aged 51, was first seen five years before, because of the recent onset of shortness of breath 
on walking up-hill. There was no cough and no voiding of sputum. Auscultation of the chest found moist sounds 
at both lung bases, but there was no dullness on percussion. Radiological examination of the chest showed shadowing 
at both hila. Between the ages of 18 and 29 she had worked in an asbestos factory. During five years before her 
death, breathlessness increased, but cough and hemoptysis remained absent. Sputum was also absent or scanty, 
but when a specimen was examined it was found to contain asbestos bodies. There was no evidence of tuberculosis. 
The venous pulse in the neck was prominent and so also was the pulmonary second sound. There were no murmurs. 
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Fic. 24.—Pulmonary hypertension from asbestosis. Electro- Fic. 25.—Pulmonary and systemic 
cardiogram shows atrial fibrillation and right heart prepon- hypertension. Electrocardio- 
derance with wide QRS complexes. Case 10. gram shows left ventricular pre- 

ponderance. Case 11. 
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Latterly auricular filbrillation set in. The cardiogram showed right ventricular preponderance in addition to the 
arrhythmia (Fig. 24). Cardioscopy showed some enlargement of the right ventricle and shadowing of the lung 
parenchyma especially in the hilar regions (Fig. 26). She deteriorated rapidly and ultimately died suddenly. 

Necropsy findings. The customary changes of heart failure were found in the viscera. There was moderate 
hypertrophy of the right ventricle which showed much dilatation. The heart weighed 387 g. (13 oz.) and the body 
weight was only 46 kg. (101 lb.). The lungs showed diffuse fibrosis which in places was dense. 

Microscopical examination confirmed the severity of fibrosis which was widely distributed throughout both lungs 
and associated with numerous asbestos bodies. The larger pulmonary arteries were lined with a deep layer of 
organizing thrombus, and a similar change in the smaller arteries had severely reduced the bore of the lumen: this 
central canalization of thrombosed vessels appeared to be a long-standing change. In places such canalization was 
absent when the thrombus completely occluded the artery. These widespread changes were closely associated with 
the areas of severe fibrosis of the parenchyma (Fig. 29). 





Fic. 26.—Pulmonary hypertension from asbestosis. Fic. 27.—Pulmonary and_ systemic hypertension. 
Moderate enlargement of the right heart with Great enlargement of the left ventricle with 
dense shadows in hila. Case 10. prominence of aortic knuckle. Considerable 


distension of pulmonary artery (arrow). Pul- 
monary congestion. Case 11. 


Discussion. The mechanism whereby pulmonary hypertension forms in pulmonary asbestosis 
is the same as in anthracosis. It consists of thrombotic occlusion of the pulmonary arteries in 
regions heavily affected by fibrosis of the parenchyma. The arterial thrombosis follows constriction 
and actual penetration of the arterial wall by the fibrotic process. When the condition has been 
present for some time, recanalization of the occluded vessel takes place, and the residual calibre of 
the affected artery is severely reduced. In other vessels such recanalization does not take place. 
and in time the artery may be so disorganized as to become a ghost-like representation of itself. 
Pulmonary hypertension, therefore, only takes place when fibrosis is a prominent feature of the 
illness, for its development depends directly on the extent to which the pulmonary arterial bed is 
depleted by the fibrotic process in this characteristic way. 

The clinical course of pulmonary asbestosis remains relatively benign, therefore, until massive 
fibrosis forms, bringing in its train occlusion of arteries sufficient to produce pulmonary hyper- 
tension and heart failure. 
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Fic. 28.—Myxoma of left atrium. (A) Fic. 29.—Pulmonary hypertension from asbestosis. (A) 


Partial obliteration of pulmonary Moderate restriction of lumen of pulmonary artery (286 ») 
vein (210 «) by organized thrombus. by organized thrombus. (B) Canalised thrombus in 
(B) Almost complete obliteration of greatly disorganized pulmonary artery (210). (C)Com- 
muscular artery (170 «), whose wall pletely disorganized pulmonary artery (210 yw) with 
is intact, by organized thrombus. remnant elastic layer on right and lumen surrounded by 
Case 4. fibrosed thrombus containing carbon granules. Case 10. 


HOLO-HYPERTENSION 


Case 11. A man, aged 47, began to notice that he was short of breath some nine years previously, although he 
was not handicapped by this until two years before. Since then, breathlessness increased and frequent attacks of 
cardiac asthma had occurred by day as well as at night. He had not complained of pain. When admitted to 
hospital he was gasping for breath. The pulse was natural and the blood pressure was 140/120. The brachial 
arteries were contracted, as also were the retinal arterioles. The apex beat was displaced outwards and was forcible. 
The pulmonary second sound was rather loud, and triple heart rhythm from addition of the third heart sound was 
present. The urine was clear and the blood urea was not raised. The cardiogram (Fig. 25) showed left ventricular 
preponderance and no evidence of right atrial or ventricular duress. Radiological examination of the heart 
showed grea. general enlargement and especially of the left ventricle, with pulmonary congestion. The aorta was 
slightly dilatea and there was some distension of the pulmonary artery (Fig. 27). 

The following blood pressure values are samples recorded during nine months before his death: 150/100, 135/105, 
140/110, 135/105, 130/100, 145/115, and 125/85. Just before his death, figures like 140/105, 140/115, and 145/115, 
were obtained. 

For a time he improved from the orthodox form of treatment of heart failure, but his condition gradually 
deteriorated, and he died two years after the onset of noticeable breathlessness. 

Necropsy findings. The heart weighed 728 g. (26 oz.), and there was gross hypertrophy (2-2 cm. thick) with slight 
dilatation of the left ventricle. Moderate hypertrophy (0-8 cm. thick) of the right ventricle. Dilatation without 
hypertrophy of both right and left atria. The heart valves were normal and the coronary arteries widely patent on 
Inspection. A small thrombus in pulmonary artery to the right upper lobe had not caused infarction. Other viscera 
showed the customary changes of heart failure. 

Histological examination of both pulmonary and renal arteries showed identical changes, namely deficiencies of 
their walls from hypoplasia, and sometimes aplasia, of the media, with associated intimal proliferation which had 
partly or wholly occluded the vessels. One branch of a coronary artery was similarly affected (Fig. 30). 
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Fic. 30.—Pulmonary and systemic hypertension. (A) Coronary artery (430 4), showing hypoplasia of its 
media on the left, and great restriction of its lumen by intimal proliferation. (B) Aplasia of the media 
of a renal artery (1-4 mm.) involving two-fifths of its circumference, with almost complete obliteration 
of its lumen by intimal proliferation. (C) Aplasia of pulmonary artery (210 ») in its whole circum- 
ference with intimal proliferation causing severe restriction of its lumen. (D) Aplasia of renal artery 
(270 «) involving two-thirds of its circumference, and associated intimal proliferation. (E) Severe 
restriction of pulmonary artery (210 1) by intimal proliferation and hypoplasia of its media. (F) Hypo- 
plasia and aplasia of wall of pulmonary artery in its upper portion, and severe intimal proliferation of this 
and of its branch below. Case 11. 


Discussion. In that systemic hypertension is a common illness and pulmonary hypertension is 
not rare, it causes no surprise to find both conditions simultaneously in the one patient at times. 
This combined or generalized hypertension (holo-hypertension) is present when occlusion affects 
both the pulmonary and renal arteries. In most instances, intimal proliferation forming alongside 
medial hypoplasia, provides the occlusive lesion as in Case 11, but rarely it may result from some 
specific material as in Case 8 which was an example of scleroderma. 

Holo-hypertension assumes greatest importance on account of the difficulty it gives rise to in 
diagnosis. The physical signs are modified in accordance with the relative severity of either the 
systemic or pulmonary hypertension, and the resulting preponderance of either left or right ventri- 
cular hypertrophy. 

Thus, if the effects of systemic hypertension are uppermost, the cardiogram will show left ventri- 
cular preponderance, great prominence of the left ventricle and the aortic knuckle on radiological 
examination, as in Case 11. In this event, signs of remaining pulmonary hypertensive effects 
should be sought, and these might include accentuation of the pulmonary second sound, enlarge- 
ment of the pulmonary artery, and some cardiographic signs of right atrial and ventricular 
enlargement. 
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If the effects of pulmonary hypertension are uppermost, the cardiogram will show right ventricular 
preponderance, and the expected raised systemic blood pressure is subdued as in Case 8. In this 
event, evidence of remaining systemic hypertensive effects should be sought and which might include 
a maintained raised diastolic pressure in spite of the lowered systolic reading, considerable enlarge- 
ment of the left ventricle on radiological examination, and some cardiographic signs of left ventricular 
enlargement. 


THE MECHANISM OF PULMONARY HYPERTENSION 


As a preliminary to a discussion of the etiology of pulmonary hypertension it is necessary to 
adhere to the precise definition of the condition as a state where a persistent rise in the pulmonary 
arterial pressure has been sufficient to cause hypertrophy, and ultimately failure, of the right ven- 
tricle, and where the electrocardiogram shows right ventricular preponderance. 

The establishment of pulmonary hypertension is decided by obstruction within the pulmonary 
arteries, but the nature of this obstruction varies. The present paper describes some of the less 
>ommon forms, and the way in which these contribute to a decision on the sequel of events that lead 
to the development of the occlusive lesion. 

The Nature of the Arterial Obstruction. The arterial block in recurring or shower embolism from 
systemic vein thrombosis, as happened in Cases | and 2, is composed of thrombus. Obstruction by 
thrombus is also a prominent feature when the fibrotic lesion formed in pneumoconiosis penetrates 
the arterial wall to produce pulmonary hypertension as in Cases 9 and 10. In each of these four 
cases histological examination showed no hypoplasia of the media in the obstructed arteries. 

The emboli that caused the arterial obstruction in Case 7 were composed wholly of neoplastic 
tissue. For such a neoplasm to produce pulmonary hypertension it is necessary that the emboli 
should be multiple and capable of intravascular proliferation in continuity without any great 
tendency to invade the vessel wall, manifesting a relatively low grade of malignancy. In Case 6, 
although carcinomatous cells were found in the tissue that obstructed the pulmonary arteries, it 
had been an immaterial and terminal invasion of existing intimal proliferation in a patient whose 
pulmonary hypertension had developed in the course of emphysema. 

No example of parasitic embolism in Bilharzia infestation was met with, although it is not a rare 
cause of pulmonary hypertension in some countries. 

In Case 8 the specific tissue of scleroderma had filled the pulmonary arteries whose media was 
intact. 

Intimal proliferation is the name applied to the tissue that most commonly occludes the lesser 
pulmonary arteries and arterioles in pulmonary hypertension. Histologically it is distinguished 
with difficulty from organized thrombus, but its more generalized distribution and the absence of 
any source of embolism usually makes the differentiation possible. Although it has sometimes been 
named endarteritis fibrosa, suggesting an inflammatory basis, the term intimal proliferation is 
preferred since it allows the conception that this reactive material is the product of a localized 
reparative process. 

The Relation of Intimal Proliferation to Pulmonary Hypertension. In the large majority of 
patients with pulmonary hypertension, histological examination will reveal intimal proliferation as 
the cause of the arterial block. This proved to be the case when pulmonary hypertension was a 
lone finding (Gilmour and Evans, 1946; Evans et al., 1957), when it was associated with emphysema 
(Evans, 1951) or with mitral stenosis (Evans and Short, 1957), and again in the presence of cardiac 
shunts like atrial septal defect, ventricular septal defect, patent ductus arteriosus, and aorto- 
pulmonary fistula (Evans and Short, 1958). 

Since its common association with pulmonary hypertension has been proved, there is need to 
decide whether intimal proliferation precedes or succeeds the hypertension. The findings in the 
less common varieties of pulmonary hypertension which are recorded here bring light to this 
question. 

Thus, in Cases | and 2, where the distribution of the arterial lesions along with the clinical 
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findings confirmed that they were thrombotic in nature and arising as embolism from veins of the 
lower extremities, intimal proliferation was absent, and the media of the pulmonary muscular 
arteries was intact. Similarly, in Cases 6, 8, 9, and 10, arterial obstruction was caused by material 
other than intimal proliferation. Moreover, in Case 3 with strangulation of the pulmonary veins, 
and in Cases 4 and 5 where a myxoma filled the left atrium, a considerable rise of the pulmonary 
arterial pressure, or pulmonary hypertonia, had been present for a long time, yet intimal prolifera- 
tion had remained absent and true hypertension had not developed. The findings, therefore, in 
these three groups of cases testify to intimal proliferation being the prelude to, and not the out- 
come of, pulmonary hypertension. 

Another constant feature of intimal proliferation has been its invariable association with 
segmental hypoplasia of the media of the pulmonary muscular arteries. 

Arterial Medial Deficiencies. It was Gilmour and Evans (1946) who first described hypoplasia 
and aplasia of the media of the smaller pulmonary muscular arteries in a patient with so-called 
primary pulmonary hypertension. Later, Evans (1951) was so impressed with the frequency of 
the same change in other instances that he described them under the title of congenital pulmonary 
hypertension. 

As in the case of intimal proliferation, medial deficiencies likewise were not found in significant 
numbers in Cases 1, 2, 6, 8, 9, and 10, where pulmonary hypertension had followed obstructive 
arterial lesions other than intimal proliferation, nor were they present in Cases 3, 4, and 5 where 
true pulmonary hypertension had not ensued in spite of the persistence for some time of an im- 
pressive rise of the pulmonary arterial pressure. 

These findings support the conclusion that in the absence of segmental deficiencies in the walls 
of pulmonary muscular arteries from medial hypoplasia, intimal proliferation leading to arterial 
obstruction with subsequent pulmonary hypertension does not take place. 

A recent investigation (Evans, 1959) has shown a high incidence of polythelia or accessory 
nipples among patients with pulmonary hypertension. The incidence was 44 per cent among such 
patients compared with 7 per cent among patients with pulmonary hypertonia only, and 5 per cent 
among healthy subjects. Since polythelia is an atavistic phenomenon, its high incidence in any 
clinical state, and in pulmonary hypertension in the present context, suggests for it a genetic or con- 
genital origin. It is held here that medial deficiencies of the pulmonary muscular arteries, whose 
presence is conditional for the development of intimal proliferation and subsequent hypertension, 
arise from congenital medial hypoplasia. 


SUMMARY AND CONCLUSIONS 


The clinical and pathological findings are described in 11 patients whose pulmonary arterial 
pressure was raised from diverse causes and for some time before their death. 

In three of these, two with myxoma of the left atrium and one with strangulation of the pulmonary 
veins by a granuloma, although the pulmonary arterial pressure was raised to impressive heights, 
the electrocardiogram showed evidence of right ventricular duress that was short of ventricular 
preponderance. These three patients have been included because they contribute to a better under- 
standing of the mechanism of pulmonary hypertension. 

The remaining eight patients suffered from pulmonary hypertension, defined as a condition 
where a persistent rise in the pulmonary arterial pressure has caused hypertrophy and failure of 
the right ventricle, with characteristic clinical, cardiographic, and radiological signs. These eight 
illustrate the less common forms of pulmonary hypertension, and include two with recurring 
pulmonary embolism, two with growth embolism, two with pneumoconiosis, one with scleroderma, 
and one with holo-hypertension. 

Histological examination of the pulmonary vasculature in the 11 cases confirmed that pulmonary 
hypertension is the direct result of obstruction within the pulmonary artery. 

In the less common forms of pulmonary hypertension, the arterial occlusion is caused by 
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thromus in the case of recurring pulmonary embolism, anthracosis, and asbestosis, by a specific 
tissue in ccleroderma, and by parasitic ova in Bilharzia infestation. 

In the more common examples of pulmonary hypertension, the arterial obstructive lesion is in 
the form of intimal proliferation associated with congenital hypoplasia of the media; these two 
changes, which were never found apart, precede rather than follow the hypertension. 

In the presence of medial hypoplasia, the formation of intimal proliferation is hastened by any 
condition that raises the pulmonary arterial pressure as in mitral stenosis, congenital cardiac shunts, 
and emphysema; in solitary pulmonary hypertension, where the pulmonary arterial pressure is 
natural at the start, intimal proliferation gains its stimulus from the presence of innumerable media! 
deficiencies. 


I am indebted to Dr. D. S. Short for pulmonary arteriograms in Cases 1, 2, and 9. I wish to thank several col- 
leagues for so readily allowing me to include in this paper, patients in their care. Thus, I am indebted to Dr. Wallace 
Brigden for Case 3, Dr. C. L. Cope for Case 5 which is to be published separately by Dr. G. A. MacGregor and 
Dr. R. A. Cullen, Sir Alun Rowlands for Case 8, Dr. Arthur Thomas for Case 9, and Lord Evans for Case 11. I 
particularly wish to thank Dr. Dorothy Russell of the Bernhard Baron Institute of Pathology, London Hospital, for 
placing at my disposal the findings at necropsy in eight of the cases and for her helpful advice. 
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In the course of four years work in a clinic for the investigation and follow up of high blood 
pressure, the impression has been gained that although hypertension may increase greatly the work 
of the heart, the heart does not fail unless some additional embarrassment is imposed. Hypoten- 
sive drugs have, by reducing the work load of the heart, increased the relative importance of these 
additional factors. 

It has for long been accepted that heart failure is a common complication and a major cause of 
death in patients with high blood pressure. Thus the mortality from this cause found by Bel! and 
Clawson (1928) was 44 per cent; that recorded by Murphy ef a/. (1932) 50 per cent; by Fahr (1935) 
55 per cent; and by Clawson (1941) 43 per cent. 

It is the purpose of this paper to assess the cause or causes, over and above overwork of the 
left ventricle, that bring about failure in this common malady. 


MATERIAL 


The case histories of all patients admitted to the medical wards over the ten-year period 1946- 
1955 were examined. During this time 348 hypertensive patients were admitted in heart failure. 
Of these 7 died within a few hours of admission and have been excluded from the series, since 
they could not be accurately assessed with regard to history, blood pressure, and electrocardiography. 
The case histories of the remaining 341 patients, comprising 184 men and 157 women, were 
reviewed critically from the standpoint of the manner in which their heart failure developed. 


CRITERIA 


High Blood Pressure. Difficulty is encountered when an attempt is made to define high blood 
pressure. There is no agreement upon a pressure level above which a patient may be considered 
to have hypertension. In this respect Hamilton er a/. (1954) have drawn attention to the progressive 
increase of systolic blood pressure found normally with advancing years; it is likely that many 
patients with so-called essential hypertension may not in fact have pathologically elevated blood 
pressures, their pressure levels falling within the upper limit of normality on the distribution curve. 

Since it is generally agreed that a high diastolic pressure is of greater significance than a high 
systolic pressure, only patients with a diastolic pressure of 90 or more were accepted. In most 
the systolic pressure exceeded 180. Those with systolic pressures between 150 and 180 were in- 
cluded when their associated diastolic pressure was 110. 

The diastolic pressure was not assessed while a patient was in acute left ventricular failure, 
since wide fluctuations, particularly elevation, of the blood pressure level occur during such episodes 
(Fishberg, 1940). In some instances the blood pressure was known prior to the onset of failure; 
in most, the accepted pressure level was that noted after failure had subsided and usually just before 
discharge from hospital. Of the 10 patients who died and in whom congestive heart failure had 
persisted, the average pressure after admission was considered to reflect their usual blood pressure. 

Heart Failure. Patients with evidence of failure of either ventricle were included. For the 
218 
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purposes of analysis patients were separated into three groups: (i) those with acute left ventricular 
failure, i.e. attacks of paroxysmal dyspnoea or of acute pulmonary oedema; (ii) patients in con- 
gestive heart failure with jugular venous and hepatic congestion and sometimes dependent oedema, 
and (iii) patients with both congestive and left ventricular failure. 

Ischemic Heart Disease. A diagnosis of ischemic heart disease was accepted when one of the 
following criteria was present. 


(i) An unquestionable history of angina of effort with or without the cardiographic pattern of 
ischemia, either at rest or provoked by a test exercise. 

(ii) Cardiographic eviderce of myocardial infarction. Most patients in whom this was present 
gave a history of prolonged chest pain and also had the associated phenomena character- 
istic of cardiac infarction. That infarction was usually of at least moderate severity was 
shown by the fact that more than 90 per cent of the cardiograms showing cardiac infarction 
had pathological Q waves. in the absence of other possible causes, heart block was con- 
sidered to be due to coronary artery disease. 

(iii) The finding of a myocardial infarction at necropsy. 


RESULTS 

A cause of heart failure in addition to hypertension was found in all but 10 (3 per cent) of the 
341 patients with high blood pressure. 

The diseases that precipitated heart failure were considered under two main groups of “renal” 
and ‘“‘non-renal” causes. Included in the group of renal causes (79 cases) were patients with 
evidence of renal disease alone or in combination with cardiac lesions and also patients with malig- 
nant hypertension, since this condition is associated with renal vascular damage. The remaining 
patients with a known cause of heart failure formed the group of non-renal causes (252 cases) 
(Table 1). 


TABLE I 
CAUSES OF HEART FAILURE IN PATIENTS WITH HIGH BLOOD PRESSURE 


























Number Average Average 
Cause of heart failure of age Died age at Mortality 
patients (years) death 
(years) 
Combined cardiac and renal lesions ai 27 a 10 . S17 
Renal lesions . . én = ae, ~ 23 — 10 —_— 44% 
Malignant hypertension ie ae oe 29 — | 13 — | 45% 
Total of renal cases .. - a af 79 54:1 33 53-8 | 42% 
Cardiac ischemia .. ae ee sr 172 62 33 65:6 | 19% 
Valvular lesions oe me be . 37 = 8 — vA 
Respiratory infections “ ae de 20 ~ 6 o | 3% 
Miscellaneous =A Nes a - 23 6 — | 26% 
Total of non-renal cases... a a 252 62:2 53 66:1 } 21% 
No cause found si Bis oy 10 — — — | — 
Mme ch, a 1. °c 341 6-1 | 86 613 | 25% 





Mortality rate for ‘“‘renal’’ cases—men 40-4 per cent, women 43-8 per cent. 
Mortality rate for ‘‘non-renal’’ cases—men 22:4 per cent, women 19-5 per cent. 


In those instances where several conditions were associated, the one most likely to place an 
added strain upon the heart was accepted as the factor initiating cardiac failure. Many of these 
associated conditions, however, excluded as immediate causes of failure, could have contributed 
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to its development. Thus obesity occurred in 59 patients (17 per cent); 19 patients (5-6 per cent) 
had diabetes; mild anemia was present in 11 (3 per cent); thyrotoxicosis in 7 (2 per cent): 
myxcedema 5; prostatic obstruction 4; acromegaly 2; Paget’s disease 2; cholecystitis 2; and one 
case each of Buerger’s disease, transverse myelitis, gout, and scleroderma. 

Previous hypotensive therapy in 123 patients did not significantly influence the relative frequency 
of the causes of failure or the prognosis when compared with patients who had not received this 
treatment. 


RENAL CAUSES 


These patients had primary kidney disease (e.g. chronic nephritis, pyelonephritis, renal calculus, 
and hydronephrosis) or malignant hypertension. They were made up as follows. 


(a) Isolated renal disease present in 23 patients, 44 per cent of whom died at an average age of 
51 years; their total average age was 54 years. The blood urea was raised in 18 patients. 
Renal lesions combined with either ischemic heart disease (23 cases) or valvular lesions (4 
cases). Each of the 18 men had evidence of cardiac ischemia; of the 9 women, 5 had 
associated ischemia and 4 valvular complications. Their total average age was 60:3 years; 
37 per cent died at an average age of 60-6 years. 

Malignant hypertension—29 patients. This diagnosis was made when hypertension and 
albuminuria were associated with papilledema. Of the 16 men, 4 had angina pectoris 
and cardiographic evidence of infarction; in two, myocardial infarction was confirmed at 
necropsy. Two women had angina and evidence of cardiac infarction. Their total 
average age was 49 years; 45 per cent of them died at an average age of 51 years. 


(b 
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NON-RENAL CAUSES OF HEART FAILURE 


(a) Cardiac Ischemia. \schemic heart disease occurred in half the patients in this series and 
was by far the commonest immediate cause of heart failure (Table 1). It probably contributed to 
the development of failure in a still larger proportion of patients since evidence of coronary artery 
disease, in minor degree, was present in a number included in other groups (vide infra). When all 
such patients were considered there was a 64 per cent incidence of cardiac ischemia: 71 per cent 
of men (average age 61 years), and 62 per cent of women (average age 63 years) had either 
angina pectoris or a myocardial infarction. 

Cardiac ischemia occurred in 158 (65 per cent) of the 246 patients with diastolic pressures 
below 130, and in 62 (64 per cent) of the 95 patients with pressures above this level. 

Acute left ventricular failure was as common as congestive failure; more often a combination 
of both was present. 

Predominant cardiac ischemia as a cause of heart failure was associated with a mortality rate 
of 19 per cent. The average age at death was 65-6 years while the survivors averaged 61 years. 

(b) Valvular Lesions. The aortic valve, with reguigitation predominating was most frequently 
involved in men, two-thirds of whom also had ischemic heart disease. Amongst the 19 women, 
lesions of the mitral valve occurring in 14 patients were most common; they were followed in 
frequency by aortic regurgitation and stenosis. One-third of the women had cardiac ischemia 
in addition. 

Ages averaged 65 years for men and 56 years for women; the presence of associated ischemia 
gave an average age of 66 years and merely reflected the higher incidence of coronary disease amongst 
the men. Without associated ischemia the average age was 56 years. 

Auricular fibrillation was present in 51 per cent of patients with valvular lesions against an 
incidence of 20 per cent in those without valvular damage. 

(c) Respiratory Infections. Bronchopneumonia or bronchitis alone was a precipitating cause of 
heart failure in 6 per cent of the hypertensive patients in this series; their average age was 66 
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years (men 59 years, women 72 years). In the majority of these patients the acute infection 
was superimposed upon chronic bronchitis and emphysema. A further 44 had chronic 
bronchitis and emphysema but in these it was not considered to be the major cause of heart failure. 

Bronchopneumonia occurred in 26 patients following the development of heart failure and in 
13 of these it was the cause of death. 

Although a higher incidence of right ventricular failure might be expected in the presence of 
chronic bronchitis and emphysema, no such bias was found. The frequency of right and of left 
ventricular failure was the same for those with, as for those without chronic pulmonary disease. 

(d) Miscellaneous Lesions. Diseases that precipitated heart failure in this sub-group com- 
prised: thyrotoxicosis, 8 cases; anemia, 5; paroxysmal tachycardia, 3; paroxysmal auricular 
fibrillation, 3; and myxeedema, 2. While pulmonary embolus occurred after admission and 
caused aggravation or recurrence of heart failure that resulted in death in seven instances, it did 
not occur in any patient as an initial cause of heart failure. No significant conclusions were 
drawn from this sub-group of patients. 

Of the 10 patients in whom no cause other than hypertension was found to account for heart 
failure, one, a woman aged 43, had a suspected but unproven renal lesion. The remaining patients 
(average age 59 years) had large hearts. In respect of age they corresponded with the non-renal 
group. All ten patients had diastolic pressures between 90 and 130. None had received previous 
hypotensive therapy. 

Cause of Death. A combination of several factors contributed to the outcome in the majority 
of those who died. As the primary cause of death, myocardial infarction occurred in 29 patients; 
20 others, all of whom had either a pre-existing renal lesion or malignant hypertension, died in 
uremia; respiratory infection caused death in 13; persistent heart failure in 10; pulmonary embolus 
in 7; cerebral hemorrhage in 5; in the remaining 2 death was due to mesenteric embolus and 
carcinoma of the stomach respectively. 


PROGNOSIS 


Heart failure deveioped at a slightly earlier average age in men (59 years) than in women 
(61 years). The mortality in men (27 per cent) was higher and they died at an earlier age (59 
years) than the women (24 per cent and 64 years respectively). For all patients heart failure 
occurred at the age of 60 years and 25 per cent died at an average age of 61 years. 

Mortality was unaffected by the presence of auricular fibrillation, the size of the heart, or the type 
of heart failure that occurred,.a similar proportion of patients dying with acute left ventricular 
failure as with congestive heart failure or a combination of both. 

Age exerted some influence upon the mortality rate but was far less important than the presence 
of a renal lesion. A third factor that appeared to influence the outcome was the height of the 
blood pressure. 

(a) The presence of a renal lesion. A “renal” cause of heart failure carried a mortality rate 
of 42 per cent, the average age at death being 54 years. In contrast death occurred at an 
average age of 66 years in only 21 per cent of patients with a ‘“non-renal” cause of failure 
(Table 1). 

(b) Age. After the age of 70 the proportion of deaths rose considerably as patients reached 
their allotted span. Below this age the combined mortality rates were higher in the decades up to 
60 years than in the seventh decade, being in fact highest in the youngest group of patients (Table II). 
This discrepancy was explained by the large proportion of patients with a renal lesion (associated 
with a high mortality) in the younger age groups. Below the age of 50, 44 per cent of the 27 
patients in the renal group died, whereas the non-renal group of 29 patients had a corresponding 
mortality of 14 per cent (Table II). 

Among the non-renal group of patients the mortality rate showed a slight but progressive 
increase with advancing years until the eighth decade when it increased more than threefold. 
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TABLE II 
MorTALITY IN RELATION TO AGE IN HYPERTENSIVE PATIENTS WITH HEART FAILURE 





= Age group (years) 
Cause of failure ee. = =n 








<50 51-60 | 61-70 | >T7I 
**Renal” : 
Number of patients... ae 27 33 13 6 
Died a Ap a nae 12 12 6 3 
Mortality ra me oe 44-4°,, 364% 46:2% 50° 
**Non-renal” 
Number of patients... = 29 80 106 37 
Died - oe oo = 4 12 17 20 
Mortality Pe a ‘i 13-8% [Ss 16% 54-1% 
All known causes 
Number of patients... _ 56 113 119 43 
Died oe ma 5 eg 16 24 23 23 
Mortality or - ee 25°6% 21-29% 19-3°% 53°5% 
TABLE III 


MORTALITY IN RELATION TO HEIGHT OF BLOOD PRESSURE IN HYPERTENSIVE PATIENTS WITH HEART FAILURE 





Diastolic blood pressure level (mm/Hg) 


Cause of heart failure Men Women 




















Total 
90-129 | > 130 90-129 | >130 | 90-129 | >130 | 

“Renal” | 

Number of patients a 17 30 14 18 31 | 48 

Died i it 7” 9 10 5 9 | 14 | 19 

Mortality .. a sn 52:9% a53 5 35:7% 50% | 452% 39-6% 
** Non-renal | 

Number of patients = 104 30 101 17 205 47 

Died a ae ed 23 7 20 3 43 10 

Mortality .. ae cs po os are 23°3% 19-8% 17-6% | 208% yj ey A 
All known causes " 

Number of patients 4 121 60 115 35 | 236 | 95 

Died a oe me 32 17 ao 12 57 29 

Mortality .. si as 26°5% 28-3% 21:7% 343% | 241% 305% 





Advancing age did not effect the outcome in the renal group, 76 per cent of whom were less than 60 
years of age. 

(c) Blood pressure level. \n order to assess the effect of the blood pressure upon the mortality, 
the percentage of deaths was calculated below and above an arbitrary diastolic pressure level of 130. 

For all patients with a known cause of heart failure, the mortality rate was higher in the diastolic 
range above 130 mm/Hg (Table III). Further analysis revealed that this pressure range contained 
a relatively larger proportion of patients with renal disease than did the pressure range below 130. 
Although comprising only 23 per cent of the whole series, the renal group contributed as many 
as 48 of the 95 patients with diastolic pressure above 130 but only 31 of the 246 patients with pressures 
below this level. 

The adverse effect of high blood pressure upon mortality was more conspicuous in women: 
22 per cent died with diastolic pressures below, compared with 34 per cent in those with pressures 
above 130. In men the corresponding rates were 26:5 per cent and 28-3 per cent. Again this 
apparent sex difference could be explained by the relatively larger proportion of patients with renal 
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lesions amongst the women who died in the higher pressure range as compared with men (Table 
Ill). Furthermore the mortality in women with renal disease and diastolic pressures above 130 
was greater than that for corresponding men. 

It seemed possible that the increased mortality for patients in the renal group might be 
accounted for by the relatively larger proportion with very high blood pressures in this group as 
compared with the non-renal group. This, however, was not the explanation since death occur- 
red in 45 per cent of patients in the renal group with diastolic pressures below as compared with 
40 per cent with pressures above 130. Indeed when renal and non-renal groups were considered 
separately, the height of the blood pressure did not influence the death rate in either group 
(Table II). 


DISCUSSION 


As an isolated burden, high blood pressure was an infrequent cause of heart failure in this series. 
Additional myocardial injury was required to initiate failure. 

In half the cases this additional stress was provided by cardiac ischemia, and in a further 14 per 
cent ischemia probably contributed to the development of failure. This is in keeping with numerous 
published reports regarding the frequent association between high blood pressure and coronary 
arterial disease. Thus Zinn and Cosby (1950) reported antecedent hypertension in 64 per cent of 
patients with coronary disease; similar estimates include 58 per cent (Wartman and Hellerstein, 
1949), 57 per cent (Greisman and Rosenfield, 1948), 54 per cent (Billings et a/., 1949) and 41 
per cent (Wright eft al., 1954). Donald (1945) concluded that “‘hypertension preceded coronary 
occlusion in 25-75 per cent of cases as compared with a hypertension incidence rate of 2-11 per 
cent of the general population”. At necropsy Averbuck (1936) found severe coronary atheroma in 
85 per cent of patients with essential hypertension and heart failure, but only 10 per cent of those 
without cardiac failure had similar coronary disease. 

A renal element was responsible for heart failure in 79 patients (23 per cent) in this series. 
The mechanism by which kidney disease induces failure is not known. The height of the blood 
pressure might have contributed to failure in these cases since renal disease was associated with 
high pressure levels; 62 per cent had diastolic pressures above 130 as compared with an incidence 
of 19 per cent for patients in the non-renal group. This explanation could not however account 
for failure that occurred in the 38 per cent of the renal group with diastolic pressures below 
130. Friedberg (1950) could find no correlation between the grade of hypertension and the presence 
or severity of heart failure amongst patients with essential hypertension, and similar findings have 
been reported in acute renal disease (Levy, 1930; Whitehill e¢ a/., 1939; Odel and Tinney, 1943). 
It has been suggested that oedema of the myocardium might weaken ventricular contraction (Fried- 
berg, 1950). Alteration of the electrolyte concentrations in the body’s fluid compartments, secon- 
dary to renal disease, could explain the deficiency of myocardial contraction. 

The most conspicuous finding among patients with renal disease was their high mortality. A 
“renal” cause of failure reduced the average age at death by 12 years and doubled the mortality 
rate in comparison with patients in the “‘non-renal” group. This high mortality was due to 
uremia which occurred in 20 of the 33 deaths in the renal group. The insidious development 
or aggravation of uremia was not only favoured by the presence of cardiac failure but in some 
cases unavoidably encouraged by the treatment which included fluid restriction. 

Advancing age was associated with a slight increase in mortality in the non-renal group of 
patients, the rate of increase, however, was not significant and in any event was no more than 
expected for the general population of corresponding age. The adverse effects of age were 
greatly out-weighed by the renal factor. 

A probable but not significant, increase in mortality was found with increasing blood pressure 
when all patients were considered and also among the women. This finding agrees with the views 
of Bechgaard er al. (1956) and with those of Pickering (1955) who considered the height of the 
blood pressure foremost when summarizing the factors affecting the prognosis in hypertension. 
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It was possible, however, to account for the worsening prognosis with rise of pressure by the 
distribution of patients with renal lesions in these groups. Furthermore, the height of the blood 
pressure did not affect the mortality in patients with renal disease; in both renal and non-renal 
groups the proportion of deaths did not rise with increase in blood pressure (Table III). 

The increased risk of death among those patients with very high blood pressure in this series 
was attributed, not to the height of the blood pressure per se, but to the co-existence of a renal 
lesion. The apparent importance of high blood pressure was due to the common association 
between a very high arterial pressure and renal disease. 

It is perhaps significant that ganglion blocking agents had not been administered to those 
in whom no precipitating cause of failure was discovered. In these patients inability of 
the coronary arterial flow to keep pace with the work demands of a hypertrophied myocardium 
probably accounted for the onset of failure. It is possible that heart failure would have been 
avoided had they received hypotensive therapy. That simple overstrain must be a major influence 
is shown by the work of Smirk (1954) and Shirley Smith et a/. (1954), who have demonstrated the 
virtual disappearance of hypertensive heart failure as a cause of death when ganglion blocking 
agents are effectively used. Of the ten patients who died in persistent failure in this series only one 
received hypotensive therapy. 


SUMMARY 


In a series of 341 patients with high blood pressure and heart failure a cause of failure in addi- 
tion to hypertension was found in all but 10 (3 per cent). 

Ischemic heart disease precipitated heart failure in half the patients, and in a further 14 per cent 
it probably contributed to the development of failure. 

Other important causes of heart failure were, valvular heart disease, renal disease alone or com- 
bined with cardiac lesions, malignant hypertension, and respiratory infections. The remaining less 
frequent causes of heart failure were combined to form a miscellaneous group. 

The presence of a renal lesion doubled the mortality rate and reduced by 12 years the average 
age at death when compared with patients with no renal damage. Patients with evidence of renal 
disease had the highest blood pressures. The worsening prognosis of patients with hypertension 
and heart failure with increasing blood pressure levels was shown to be due to the presence of a 
renal lesion rather than the height of the blood pressure per se. 


I wish to thank the Physicians of Charing Cross Hospital for allowing me access to the case notes of the patients 
in this series. In particular, I am indebted to Dr. P. B. S. Fowler for permission to study patients in the Hyper- 
tension Clinic, and to Dr. K. Shirley Smith for advice and criticism. 
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SPONTANEOUS CAPILLARY PULSATION IN 
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Capillary pulsation is a natural phenomenon (Quincke, 1868), often seen in the face and hands of 
healthy subjects, when the skin is compressed with a glass slide or firmly stroked to produce a flare 
reaction (Lewis, 1924). It appears especially in hot weather, fevers, and pregnancy, and after 
exercise, when the skin is warm; and also in aortic regurgitation, and high output states such as 
anemia and hyperthyroidism. It is due to transmission of the pulse from the arteries through open 
capillaries to the subpapillary venous plexus, filling of which largely determines the colour of the 
skin (Boas, 1924). 

An exaggerated form of the sign, which Lewis termed spontaneous capillary pulsation, has been 
observed in patients with hypertension (Osler, 1892), aortic regurgitation, and arteriovenous fistulz 
(Lewis and Drury, 1923). In such cases, rhythmic flushing of skin which has not been stroked or 
compressed may be visible with each heart beat. According to Lewis, spontaneous pulsation is 
usually confined to the forehead and cheeks, and is not ordinarily present in normal subjects. Its 
occurrence in five cases of complete heart block is described here, with further observations made in 
a series of 50 hospital patients. 


CASE REPORTS 


Case 1. A 63-year-old man had had complete heart block for four years when admitted to St. Thomas’s 
Hospital in 1951. His blood pressure was 280/90 mm. Hg and his pulse rate varied between 28 and 60 
aminute. With each heart beat, his face and neck flushed so vividly that it was visible from the end of the 
bed. This effect was most obvious at slow heart rates, and it continued with the regularity of a neon sign, 
even when all treatment was withheld. It was not therefore due to vasomotor changes induced by the drugs 
that he had received. 


Case 2. A few hours after admission to St. Thomas’s Hospital with chest pain in 1953, a man, aged 73, 
had several syncopal attacks. His pulse rate was 44 a minute and a cardiogram showed complete heart 
block. His blood pressure was 190/70 mm. Spontaneous capillary pulsation was seen on his forehead and 
cheeks. 


Case 3. In 1955, a 64-year-old woman attended Hammersmith Hospital with complete heart block. 
She had had syncopal attacks for twenty years, and in 1941 her cardiogram showed defective intraventricular 
conduction. She was pale, but not anemic, with a pulse rate of 36 a minute and a blood pressure of 
240/90 mm. Systolic flushing was visible in the pale skin of her forehead, but the sign was more obvious 
in the palms of her hands. Direct recording of her brachial arterial pulse showed a high pulse pressure, 
with the upstroke and downstroke less steep than those seen in aortic regurgitation (Fig. 1). 


Case 4. An 80-year-old woman had two attacks of complete heart block while in Hammersmith Hospital 
in 1957. On both occasions spontaneous capillary pulsation appeared. It was seen on her forehead while 


* Present address: St. Luke’s Hospital, Guildford, Surrey. 
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her pulse rate was 30 a minute and blood pressure 140/50 mm. The sign was absent, and it could not be 
elicited with a glass slide, during sinus rhythm when the pulse rate was 70 to 84 a minute and the blood 
pressure 120/90 mm. - 























Fic. 1.—A direct recording of the brachial arterial pulse in complete heart block (Case 3). The ventricular 
rate was 33 a minute. 


Case 5. On admission to Hammersmith Hospital in 1957, a 70-year-old woman had a pulse rate of 
80 a minute and a blood pressure of 170/90 mm. Soon afterwards, she had several Stokes-Adams attacks. 
Her face paled during asystole, which lasted 5 to 10 seconds, and with the subsequent flush spontaneous 
capillary pulsation appeared on her forehead. The sign accompanied only the first three or four heart beats, 
when sinus rhythm (shown by an electrocardiogram) immediately followed ventricular standstill. Asystole 
was, however, sometimes followed by temporary idioventricular rhythm, and while this continued spon- 
taneous capillary pulsation persisted. In one such attack, the pulse rate was 50 a minute and the blood 
pressure 195/80 mm. 


FURTHER OBSERVATIONS 


To obtain an idea of the incidence of spontaneous capillary pulsation, 50 adult patients were 
examined in July 1957. The unusually hot weather at the time favoured the occurrence of capillary 
pulsation, and it was detected with the aid of a glass slide in 32 patients, 8 of whom showed the 
sign spontaneously when the untouched skin of their face and hands was closely inspected in a 
bright light. Subjective error was eliminated by checking the rate of intermittent flushing with the 
radial pulse, taken simultaneously by an independent observer. A reason for the prominence of 
the sign was evident in four patients. 


(a) Systolic flushing of the forehead and palms was seen in a woman, aged 54, with aortic 
regurgitation (P. 88; B.P. 150/50). 

(b) A woman, aged 74, with systemic lupus erythematosus who was febrile and anemic, showed 
systolic flushing of the palms (P. 90; B.P. 190/110). 


(c) Flushing appeared in the facial erythema resulting from A.C.T.H. therapy in an asthmatic 
man, aged 64. (P. 84; B.P. 130/80). 
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t be (d) The sign was also found in an area of recent sunburn erythema on the forehead of a woman, 
lood aged 73. (P. 70; B.P. 190/90). 


The remaining four patients were also elderly; they had high pulse pressures, but no other reason 
was found for exaggeration of the sign. 


(ce) A woman, aged 77, with essential hypertension and atrial fibrillation, showed systolic 
flushing of the forehead, which was absent with weak pulse beats. (P. 60; B.P. 240/140). 


(f) Flushing of the forehead was present in a woman of 69 with ischemic heart disease. (P. 110; 
B.P. 210/90). 


(g) A healthy woman of 90 showed systolic flushing of symmetrical patches of red skin on her 
chin. (P. 80; B.P. 220/90). 


(h) Systolic flushing of the palms and forehead was seen in a woman, aged 80, admitted with 
procidentia. (P. 70; B.P. 220/80). 


DISCUSSION 


It is not surprising that capillary pulsation is conspicuous in complete heart block, since the 
functional effects of bradycardia in some ways resemble those of aortic regurgitation. Thus cardiac 
enlargement, an increased ventricular stroke output, and a wide pulse pressure are common to both 
conditions. Of greater interest is the fact that the sign appeared in its exaggerated form in five 
, consecutive cases of heart block. Evidently the altered state of the circulation in these patients 
particularly augmented the “capillary”’ pulse. 

Two circulatory changes that are pronounced in complete heart block are prolongation of 
diastole and a high pulse pressure. The former effect by itself is not likely to exaggerate capillary 
r pulsation. At a heart rate of 30 a minute, diastole is about three times longer than normal, and 
emptying of the arterial reservoir is accordingly more complete (Wood, 1956). However, since 


e of capillary pulsation ultimately depends upon dilatation of cutaneous arterioles (Lewis, 1927), undue 


ar emptying of the arterial system cannot directly accentuate the sign. Nor does the diastolic pause 
eous seem long enough in complete heart block for accumulation of katabolites to induce cutaneous 
eats, vasodilatation. This is the mechanism believed to be largely responsible for the flush which 
stole follows Stokes-Adams attacks, but asystole then lasts relatively much longer. To produce visible 
pon- reactive hyperemia in the hand, I have found that the circulation must be arrested for at least ten 
lood seconds. Prolongation of diastole is certainly not essential in the production of spontaneous 
capillary pulsation, since the sign appears in patients with rapid sinus rhythm. 
} The high pulse pressure is a more important factor. Although Lewis (1924) was unable to 
correlate the appearance of capillary pulsation with the pulse pressure in aortic regurgitation, he 
were noticed that the sign was often most obvious when the pulse pressure was high. Spontaneous 
lary capillary pulsation is at least partially dependent upon the pulse pressure, as it failed to accompany 
| the weak radial pulse beats in the patient with atrial fibrillation (Case e). | Moreover, the sign disap- 
in a peared in the two cases of paroxysmal heart block, immediately the pulse pressure diminished with 
| the restoration of sinus rhythm. It is also notable that all the control cases showing spontaneous 
e of pulsation, except the one with ACTH-induced vasodilatation, had high pulse pressures. The blood 
pressure elevation in several of them was of the type attributed to increased rigidity, through ageing, 
ortie of the aorta and great vessels (Wood, 1956). Vascular sclerosis was presumably also present in the 
cases of heart block, since they were all elderly. 
wed Whether due to an increased volume of blood entering a relatively empty arterial system (as in 
) 


complete heart block and aortic regurgitation), or to abnormal rigidity of the great vessels, a high 
pulse pressure thus as a rule accompanies spontaneous capillary pulsation. Rhythmic stimulation 
iatic of the baroceptors is augmented under these circumstances, and it is conceivable that the resulting 
increase in reflex vasodilatation accentuates the capillary pulse. 
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SUMMARY 


Spontaneous capillary pulsation was observed in five consecutive cases of complete heart block, 
and in 8 out of 50 hospital patients examined during a period of unusually hot weather. 

The subjects showing the sign had, with one exception, high pulse pressures. This factor 
appeared to play an important part in exaggerating capillary pulsation. 


I thank Dr. Evan Jones, Dr. C. L. Cope, Dr. C. Fletcher, and Dr. S. Sherlock for permission to report these cases; 
Prof. J. McMichael for his advice; and Dr. A. Hollman for the arterial pulse tracing. 


REFERENCES 


Boas, E. P. (1924). Heart, 11, 57. 
Lewis, T. (1924). Heart, 11, 151. 
—— (1927). The Blood Vessels of the Human Skin and their Responses. London. 
—— and Drury, A. N. (1923). Heart, 10, 301. 
Osler, W. (1892). Principles and Practice of Medicine. London. 
Quincke, H. (1868), quoted by Major, R. H. (1930). Classic Descriptions of Disease. Baltimore. } 
Wood, P. (1956). Diseases of the Heart and Circulation. London. age 








ses; 








ENDOCARDIAL FIBRO-ELASTOSIS IN ADOLESCENTS 
. AND ADULTS 


BY 


F. S. P. VAN BUCHEM, A. ARENDS, AND E. A. SCHRODER 


From the University Hospital, Groningen, Holland 
Received April 5, 1958 


Endocardial fibro-elastosis is no rare finding in infants and young children up to two years of 
age, and as a rule it leads rapidly to death. Panke and Rottino (1955) found that of 129 cases 
described 78 per cent had died below the age of twelve months. Its frequency is much less in 
older children and adults (Smith and Furth, 1943; Hughes and Smith, 1953; White and Fennell, 
1954; Thomas et al., 1954; Panke and Rottino, 1955; Popper et a/., 1956; and Guraieb and Rigdon, 
1956). We have observed five older patients with this disease, three of whom showed the typical 
clinical picture, while the other two showed features only rarely mentioned in earlier publications. 

In endocardial fibro-elastosis the endocardium of one or both ventricles and sometimes also of 
the atrium is greatly thickened. Usually the left ventricle and left atrium are involved. The 
endocardium has a greyish-white appearance; it is opaque and reminds one of porcelain. The 
valves may be somewhat thickened, but generally their function is good. The heart is hypertrophic 
and its weight is twice or thrice the normal. Mural thrombi have often been found on the abnormal 
endocardium, and they may give rise to emboli. Microscopically, apart from a connective-tissue- 
like thickening of the endocardium, an increase of the elastic fibres is observed. As a rule there 
is a sharp demarcation between the thickened endocardium and the underlying myocardium. 
Sometimes a few fibrotic foci may be found in the subendocardial myocardium. There are no 
signs of inflammation or fibrinoid necrosis. 


CLINICAL MANIFESTATIONS 


The signs and symptoms of our patients were very different. As also described in earlier reports, 
most patients complain of shortwindedness on exertion, but in two of our patients (Cases 2 and 3) 
bouts of dizziness were of greater importance. Case 2 showed the full Stokes-Adams syndrome, 
with complete atrioventricular block, in spite of the fact that her age was only 14. Case 3, an 18- 
year-old girl, had typical angina in addition to the attacks of dizziness. Three of the five 
patients had palpitation. The fourth had no complaints at all, although the heart considerably 
increased in size in the course of six years with ultimately sudden death. All patients had enlarged 
hearts which we have seen increase in size in the course of the observation period (14 years, 24 years, 
7 years, and | year) in four of them. In Cases 2 and 3 mainly the right ventricle was enlarged, in 
Case 4 the left ventricle, and in Case 5 both the left and right ventricles. The heart had a globular 
shape (Fig. 1). In Cases 1, 2, and 5 a systolic murmur was audible at the apex of the heart and at 
the level of the third intercostal space on the sternum. A gallop rhythm was heard in two patients 
(Case 2 and 3). The cardiogram also showed greater variations (Table I), three patients having 
conduction disturbances (Case 2 complete atrioventricular block with right bundle-branch block 
(Fig. 3), Case 4 prolonged atrioventricular interval (0-24 sec.) with left bundle-branch block, and 
Case 5, left bundle-branch block). Radiologically, Case 3 showed extensive intracardiac calcifica- 
tion (Fig. 2). This calcification has also been found in infants (Jacobs, 1932; Clement et al., 1952). 
The blood showed in all cases a normal hemoglobin content, normal numbers of erythrocytes and 
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Fic. 1.—Case 1. Enlarged globular heart, showing Fic. 2.—Case 3. Calcification in the heart. 
enlargement particularly of left ventricle. Con- 
genital malformations of the first and second left ribs. 


Fic. 3.—Case 2. Complete atrioventricular block with right bundle-branch block. 
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leucocytes, and normal distribution of the leucocytes, with no eosinophilia (Table 1). The E.S.R. 
was normal. Reactions for syphilis were negative. In one case the complement-fixation test for 
toxoplasmosis was applied and appeared negative; the Sabin test was 1:96. 

Table II gives the results of cardiac catheterization in three patients. In Cases 1 and 5 this 
examination was carried out when they already had signs and symptoms of congestive heart failure, 
so that the pressures in superior vena cava and right atrium were increased, as was also the diastolic 
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pressure in the right ventricle in Case 1. A high systolic pressure in the right ventricle and pul- 
monary artery as far as the periphery suggested left congestive heart failure. In Case 4 the examina- 
tion was carried out when the patient was still free of complaints; only the systolic pressure in right 
ventricle and pulmonary artery and also in the periphery of the latter artery was somewhat raised, 
which already pointed to incipient left congestive heart failure. Among previous reports we found 


TABLE I 
CLINICAL AND PATHOLOGICAL DATA OF FIVE PATIENTS WITH ENDOCARDIAL FIBRO-ELASTOSIS 





Age Blood- Hb. Red cells | W.B.C. | Eosino- EC. Heart- | Endocardial | Myoc. 
(years) | pressure (millions | (percu.| phils weight |fibro-elastosis; hyper- 
cu.mm.)) mm.) trophy 
Gueel .. 13 115/95 14g 4-7 5400 2% |L.V.strain| 450g. | L.V. L.V. 
Case2 .. 16 110/70 | 85% 4:7 9300 2% |A-V block] 350g. | L.V. Lv. 
R.B.B.B. | 
Case3 .. 18 135/90 | 100°% 5:3 7400 y ay R. vent. ~ LA, EV. - By. 
hypert. calcif. 
Case4 .. 26 135/85 | 100% 4-3 7000 0% L.B.B.B. | 920g. | L.V., L.A., | R. and 
P-R 0:24 R.A. L.V. 
sec. 
Case 5 .. 46 120/90 | 149g 4-4 7400 245 L.B.B.B. | 800g. | L.V., R.V., | R. and 
La. | EY. 





a similar investigation by catheterization only in the paper of Clark et a/., (1956) who also noticed a 
high diastolic pressure in the right ventricle (Table I1), while Adams and Katz (1952) catheterized 
four patients below the age of 2 years, finding an increased systolic pressure in the right ventricle 
and pulmonary artery in two of them. In Case 4 the pattern of the right ventricular pressure curve 
suggests constrictive pericarditis. The ratio end-diastolic pressure: systolic pressure was somewhat 
higher than 4; Clark found an even higher value. This is of importance, because this pattern is 
therefore not pathognomonic of constrictive pericarditis, as thought by Yu et a/. (1953). 

We were able to make an angiogram in one patient. The right ventricle was small and filled well, 
as did the pulmonary artery also. The left ventricle was greatly dilated and emptied slowly, so 
that no filling of the aorta could be seen after 10 seconds. In this patient the endocardial fibrosis 
was localized in the left ventricle. The same was found by Prec and Cassels (1952) in an infant. 


TABLE II 
RESULTS OF CARDIAC CATHETERIZATION IN THREE PATIENTS WITH ENDOCARDIAL FIBRO-ELASTOSIS 








Case Age | Superior vena R. atrium R. ventricle | Pulmonary artery Radial artery 
ae Trunk Periphery 

O> sat.| Press. |O2 sat.) Press. |O2 sat.) Press. O> sat. Press. |O2 sat.) Press. |O> sat.| Press. 

mm. Hg. mm. Hg. mm. Hg. mm. Hg. mm. Hg. mm. Hg. 

‘1 | a3y.' 47%) 12 | 46%| 12 | 45% | soz | 44% | soy3s | 96% | 40/25 | 94% | 115/95 

4 | By. 635% 4 (645% 4 | 64% | 32/0 (615% 32/15 |965%| 13/18 | — | 135/85, 

5 (| 46y. /535% 8 |41%| 8 | 42%| 550 | 40%| Sso/2s |97-5% 35 | — | 120/90 

Tk | 355.) — | — | | | oe Pe a a Po 





COURSE OF THE DISEASE 
Older patients, like infants, often die from congestive heart failure (Cases 3 and 5). The course 
in Case 1 corresponds with that sometimes observed in infants (Dimond ef al., 1955), for the 
condition was complicated by violent diarrhoea and vomiting and she soon got into a state of 
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shock from which she did not recover. Our Case 2 died from a complete atrioventricular block, 
eight days after an infection which had reacted well to antibiotic treatment. According to 
previous observers, the course in our Case 4 was very uncommon; he died suddenly at the age of 
26 without ever having had complaints before, although he had a left bundle-branch block and a 
progressive dilatation of the heart during his last six years of life (Fig. 7). 

Sometimes emboli in the systemic circulation may dominate the clinical picture (Popper et al., 
1956). These emboli originate from intracardiac mural thrombi. 


PATHOLOGY 

The five cases described all showed more or less a connective-tissue-like thickening of the endo- 
cardium (Fig. 4). This abnormality is described as endocardial sclerosis or also, in view of the 
increase of the elastin which is usually found, under the name of endocardial fibro-elastosis. The 
cases described in this paper also showed this increase of elastin (Fig. 5 and 6); a striking feature 
was the granular degeneration of the elastin. The sclerosis of the endocardium is usually evenly 
diffuse. The process is generally localized in the left ventricle, but may be found as well in the other 
cavities of the heart. Our cases all showed abnormalities of the endocardium of the left ventricle. 
In Cases 1 and 2 the abnormalities were confined to the left ventricle, while in Cases 3 and 4 the 
left atrium and the two atria, respectively, were likewise involved in the process; in Case 5, the left 
ventricle, left atrium, and right ventricle (Table I). Mural thrombosis was demonstrated in one 
patient. A striking feature is that there are no inflammatory infiltrations, by which the affection 
can be distinguished from the fibroplastic parietal endocarditis as described by Léffler. Inno 
cases were there indications of myocarditis or myocardial anoxia. Extension of the process to the 
valves was not found. 

Case 2 showed abnormalities in form and arrangement of the papillary muscles; although the 
chordae tendinee were somewhat heavy and short (Fig. 4), the impression was gained that this was 
a case of congenital defect. Such defects were also found in Case 1 in the form of absence of the 
left second rib and the presence of a rudimentary first rib. Case 3 had extensive calcium deposits 
in the thickened endocardium. 





Fic. 4.—Case 2. Left ventricle, showing white thickened endocardium and irregular 
arrangement and abnormal form of the papillary muscles. 
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Fic. 5.—Case 1. Microphotograph, showing excessive thickening of the endocardium of the left ventricle 
with increased and crumbling elastin (v. Gieson-elastin; x 160). 
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Fic. 6.—Case 4. Microphotograph, showing conspicuous thickening of the endocardium of the left 
ventricle with increase of elastin (Verhoeff; x 100). 
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The hypertrophy usually observed in these cases may be mild (Case 2) or very advanced (Case 
4). Inall patients dilated cardiac cavities were found with congestion both in the pulmonary and 
systemic circulations. 





Fic. 7.—Case 4. X-ray of heart six years after onset 
of illness. 


PATHOLOGICAL PHYSIOLOGY 


Endocardial fibro-elastosis may give rise to a greater or lesser decrease in size of the ventricular 
cavity, accentuated by mural thrombi. Where there is much decrease in size the ventricular cavity 
has a smaller capacity and diastole is impeded. When the process is localized in both ventricles, the 
picture may suggest constrictive pericarditis, the more so because there are only small pulsations of 
the cardiac border; this is the reason why on several occasions thoracotomy has been carried out 
in these patients (McKusick and Cochran, 1952; Clark et al., 1956). When only one of the 
ventricles is involved it is usually the left. In this event pulmonary congestion will develop with 
much hypertrophic dilatation of the right ventricle and right atrium (Cases 2 and 3). On the 
other hand, the ventricle with the subendocardial fibro-elastosis may prove to be much dilated (as 
in our Case 4). Then there is apparently only an impeded systole, so that, in spite of the hyper- 
trophy of the myocardium, the emptying is insufficient. Finally, when the left ventricle is 
involved, pulmonary congestion will arise. This endocardial process sometimes affects the con- 
ducting system, so that Adams-Stokes attacks may occur (Case 2). 

The murmurs sometimes heard may be based on co-existing congenital valvular defects (Popper 
et al., 1956: tricuspid stenosis) or more often on relative insufficiency as a result of the dilatation 
of the ventricle (Cases 1 and 5). 

The fact that congestive heart failure may develop, without severe morphological abnormalities 
of the myocardium being found may in the first place be explained from this unfavourable 
influence on the ventricular diastole, or systole. Gross (1941) seeks the cause in a disturbed myo- 
cardial circulation, due to the constriction or obliteration of the termination of the Thebesian 
and other vessels caused by the endocardial fibrosis. Thomas et al. (1954) were able to find a 
continuation of the fibro-elastic thickening on the sinusoids, but no occlusion by thrombosis. This 
process may promote the development of myocardial insufficiency. 


ETIOLOGY AND PATHOGENESIS 


Little is known with certainty of the cause of endocardial fibro-elastosis. The morphological changes 
found in infants and young children show a great resemblance to those seen in older patients. 
In young children the clinical picture also is much like that in older children; in particular there is an 
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enlarged globular heart, sometimes with gallop rhythm or murmurs. Prolongation of the P-R or QRS 
interval has several times been observed. Infants usually show the electrocardiographic picture of left 
ventricular hypertrophy. In these young patients, however, the disease usually very soon takes a serious 
turn, with increased venous pressure, hepatomegaly and pulmonary congestion, while the older patients 
in general have complaints for several years before death ensues. 

At present most authors (Weinberg and Himelfarb, 1943; Dimond et al., 1955; Gowing, 1953; and 
Clement ef a/., 1952) are inclined to regard endocardial fibro-elastosis in young children as a congenital 
defect, the more so because it not infrequently occurs in several members of the same family (Nadas, 1957) 
while other congenital abnormalities (aortic coarctation, patent ductus arteriosus) have been found (Gross, 
1941; Edmonds and Seelye, 1951). Weinberg and Himelfarb (1943) found the abnormality in two children 
from one family; one of them had also coarctation of the aorta. In view of the resemblance between the 
clinical and pathological abnormalities in young children and in older patients, some investigators (Thomas 
et al., 1954; Guraieb and Rigdon, 1956) are inclined to believe in a congenital pathogenesis also in older 
patients. Against this is the latent period between birth and the onset of the manifestations. In this 
connection the observations in four of our patients seem to be of importance. In the first place, the age 
group in which the abnormalities were found for the first time (12, 14, 14, and 19 years, respectively) 
forma transition between the youthful and older patients described in previous reports. Moreover, the 
absence of signs and symptoms in the preceding years does not exclude the pre-existing abnormalities. 
This is well illustrated by Case 4, in which cardiac enlargement and left bundle-branch block were 
found at a physical examination at the age of 19 years. The following six years he was absolutely free 
from symptoms, in spite of a progressive dilatation of the heart. The appearance of the manifestations 
later in life may be due to a slower progression of the abnormality. Moreover, we found other 
congenital abnormalities in two of our patients. The low frequency may be explained from the fact 
that as a rule in youth the affection is already so severe that the majority of patients die early of it. Anoxia 
of the endocardium is generally accepted as the direct cause of the fibro-elastosis. Endocardial fibrosis 
occurs regularly in patients in whom a coronary artery originates from the pulmonary artery (Johnson, 1952). 
In patients with serious coronary sclerosis and infarcts local areas with endocardial fibrosis are a common 
finding (Weinberg and Himelfarb, 1943; Thomas, 1954). Johnson (1952) supposed that, in utero, an 
endocardial anoxia would have developed, as a result of early closure of the foramen ovale or insufficient 
development of the foramen secundum, so that, during the foetal period, no oxygenated blood reached 
the left atrium and ventricle. Thomas et al. (1954), found in all their cases a closed foramen ovale. This 
was also the case in our patients but, taking their age into consideration, this does not mean very much. 
The earlier view that foetal endocarditis might be the cause has been abandoned because evidence of a 
cured or active inflammation has never been found (Gross, 1941; Thomas et al., 1954). 

The mural thrombi, remnants of which are often found on the endocardium, are usually considered to 
have originated secondarily. Still and Boult (1956) observed by the electron-microscope that the fibres 
most often found in endocardial fibro-elastosis were not to be distinguished from fibrin. This might suggest 
that the endocardial thickening is caused by deposition of fibrin from the blood. 

Smith and Furth (1943) and Brinkman (1952) believed that this affection was associated with deficient 
nutrition and they considered the possibility of a vitamin B, depletion. Gray (1951), however, pointed 
to the fact that the clinical picture of vitamin B, deficiency, i.e., beri-beri, is quite different. Moreover, in 
this case abnormalities of the myocardium of both ventricles are especially found (Higginson et al., 1952), 
and no endocardial fibrosis (Davies and Ball, 1955). In addition, it appeared that in most patients 
(Thomas et al., 1954; annotation Lancet, 1952) just as in our personal cases, there is no question of deficient 
nutrition, and no favourable results were observed after vitamin B, therapy (Thomas, 1954; Davies, 1955). 


DIFFERENTIAL DIAGNOSIS 


In the first place endocardial fibro-elastosis should be differentiated from the so-called endomyo- 
cardial necrosis, as indicated by Thomas et al. (1954) and other writers. The clinical picture of the 
latter affection shows a great resemblance to the former, notably by the occurrence of congestive 
heart failure without demonstrable cause. The pathological picture is quite different, however: it 
is true that in these cases foci of endocardial thickening are found, but in addition to this the endo- 
cardium and myocardium are destroyed and replaced by vascular fibrous tissue. Only fragments 
of the elastic tissue are to be found, in contrast to the increase of the elastic fibres in endocardial 
fibro-elastosis (Thomas et al., 1954), by virtue of which the name of endomyocardial necrosis or 
fibrosis is given to this condition (Davies and Ball, 1955). Inflammatory manifestations have also 
often been found. Lesions of the tricuspid or mitral valves may be present as well, with manifestations 
of tricuspid or mitral insufficiency. The degenerative abnormalities in the myocardium, leading to 
fibrosis, are the reason why this clinical picture is named myocarditis fibrosa. The hypertrophy 
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is usually far less marked and may even be absent as in the patients described by Becker et al. (1953). 
This endomyocardial fibrosis has been found in various clinical pictures. 

(i) In the endocarditis parietalis fibroplastica with eosinophilia described by Léffler (1936), 
The eosinophilia is sometimes only present in certain phases of the disease. The presence of end- 
arteritis and periarteritis is regarded as characteristic for this affection (Weiss-Carmine, 1957; 
Gerbaux et al., 1956; and van den Brekel, 1956). 

(ii) In the patients with manifestations of congestive heart failure observed in Africa by Bedford 
and Konstam (1946) Davies and Ball (1955), and Becker et al. (1953). Here also eosinophilia has 
sometimes been found, but this was probably associated with concurrent parasitic diseases. In 
these cases the manifestations of more general endarteritis and panarteritis are lacking (Weiss- 
Carmine, 1957). Davies and Ball in several instances found calcium deposits in the endocardium. 
The cases with only local endocardial fibrosis, as may be observed in myocardial infarctions, do not 
of course belong to the clinical group of idiopathic endocardial fibro-elastosis. 

The diagnosis of endocardial fibro-elastosis should therefore be considered in patients of all ages 
when progressive cardiac dilatation develops without clear cause, whether or not it is combined 
with congestive heart failure. Indications suggesting this disease are slight excursions of the cardiac 
border on radioscopy, conduction disturbances especially at a youthful age, and possibly emboli 
in the systemic circulation. Pulmonary congestion is the first manifestation to be expected, as 
the left ventricle is usually involved. In the beginning the pressure values in the right heart may be 
normal, but, owing to the pulmonary congestion, the pulmonary arteriolar resistance rises, as also 
the systolic pressure in the right ventricle and pulmonary artery. The configuration of the ventri- 
cular pressure curve may be the same as that in constrictive pericarditis (Case 4). Moreover, 
endocardial fibro-elastosis should be considered if extensive congestion with high venous 
pressure, large liver, ascites, and oedema develop while the heart is only little enlarged, so that 
valvular defects, hypertension, and myocardial infarction are ruled out. In these cases one should 
also think of constrictive pericarditis, amyloidosis of the heart, and endocardial fibrosis. In the 
differential diagnosis from constrictive pericarditis, a past history, earlier exudative pericarditis, and 
the presence of calcium deposits in the pericardium may be indications for the last named disease. 
Atrioventricular or bundle-branch block, if present, are arguments in favour of endocardial 
fibrosis. The diagnosis of amyloidosis of the heart can be established by means of biopsy of the 
liver which will also contain amyloid. 

Treatment can only be symptomatic; it may be needed for congestive heart failure and 
arrhythmias. Should emboli occur anticoagulant treatment must be considered, although Hughes 
and Smith (1953) did not secure any good results from such treatment in their patients. 


SUMMARY 


The clinical and pathological findings in five patients suffering from endocardial fibro-elastosis 
are reported. Their ages were 13, 16, 18, 26, and 46 years. Some were observed for several years. 

A survey is given of the clinical picture, which may show great variations. Usually progressive 
dilatation of the heart and the manifestations of congestive heart failure are the predominant 
features. One woman died from Adams-Stokes syndrome and a second died suddenly without 
ever having had any complaints. 

All five patients showed the characteristic abnormalities of the endocardium (thickening of 
connective tissue with increase of the elastin), intact valves, and as the sole abnormality of the 
myocardium, hypertrophy. In each case the anomaly was localized in the endocardium of the left 
ventricle. One patient had extensive calcification of the endocardium. The hemodynamic 
consequences are discussed. 

Little is known of the xtiology and pathogenesis. We think the condition is probably a 
congenital one. 

In the differential diagnosis the following conditions are discussed: constrictive pericarditis and 
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amyloidosis of the heart, and the various forms of endomyocardial fibrosis as often observed in 
Africa, and endocarditis parietalis fibroplastica (Léffler); the two last mentioned diseases show 
quite a different pathological picture. 
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This study of the heart lung coefficient (Kerley, 1950), which is also known as the heart-lung 
quotient (White, 1945) and the cardiothoracic ratio (Danzer, 1919), is based on 242 men and 190 
women, aged 60 to 89 years. They were examined at the Rutherglen Consultative Health Centre 
for older people (Anderson and Cowan, 1955) and all were considered to be in good health. In 
particular, we excluded those who had a hemoglobin under 11 g. Sahli, varicose veins, an apical 
systolic murmur greater than Grade 2 as described by Levine and Harvey (1949), an asymmetrical 
chest, and those who were 25 per cent or more over ideal weight as estimated from Anderson’s 
nomogram (1948). 


The heart lung coefficient is the maximum transverse diameter of the heart divided by the maximum 
transverse diameter of the chest. The measurements were assessed to the nearest millimetre from X-ray 
-films taken in the postero-anterior position at a distance of two metres with an exposure of 1/25 second at 
300 milliampres. In all the films the cardiac borders were clearly defined. 

The standard procedure for estimating the transverse diameter of the heart is to sum the greatest devia- 
tions from the mid-line on the right and left sides. In practice this is a somewhat complicated technique 
with the further disadvantage that the summation of two measurements is less accurate than one. A simpli- 
fied method of estimating the maximum transverse diameter of the heart, evolved by the author and Dr. 
P. L. McKinlay of the Department of Health for Scotland, is used in the present study and is carried out as 
follows. One edge of the right angle of a large transparent set-square is applied to the mid-vertical line on 
the X-ray film, and along the other edge a transparent two foot ruler is placed horizontally. The set-square 
is moved along the ruler’s upper border until the vertical margin of the set-square is in line with the outer- 
most part of the right border of the heart. The set-square is held firmly in this position and the ruler moved 
until the 10 cm. mark is in line with the vertical edge of the set-square. The ruler is now held in place 
and the set-square slid to the right until its vertical edge coincides with the outermost part of the left border 
of the heart. The figure on the ruler immediately below the vertical edge of the set-square less 10 cm. is 
the maximum transverse diameter of the heart. 

There is divergence of opinion as to what constitutes the maximum transverse diameter of the chest. 
Danzer (1919) simply takes the greatest diameter of the chest; Ungerleider and Gubner (1942) merely 
suggest the transverse diameter at the level of the diaphragm, while Tirman and Hamilton (1952) are precise 
and measure from the internal surfaces of the ribs on the right and left sides, superior to the costal attachment 
of the diaphragm at that point where the width of the chest is greatest. The criterion of Tirman and Hamilton 
is used in this paper. 


RESULTS 


The frequency distributions of the 242 men and the 190 women by sex and 10-year age groups 
with reference to the heart lung coefficient are shown in Table I. There is an upward trend of the 
distributions with age and for both sexes. Table II shows that the heart lung coefficient means for 
men increase with age from 0-44 for the age group 60-69 to 0-47 for the age group 80-89, and that 
the corresponding means for women are 0-50 and 0-54. Thus the means for women are greater 
than those for men at all ages. The absolute variation, of which the standard deviation is a measure, 
is similar for the sexes and shows a slight increase with age. The relative variability, as shown by 
the coefficient of variation, is similar for the sexes and shows a slight increase with age for women. 
238 








may 
whic 
regar 
are ¢ 
certa 
more 
Cum 
and » 
and | 
each 
lung 
by th 
0-48, 
0-45 


requi 
coeff 





lung 
190 
ntre 
In 
Dical 
rical 
:on’s 


mum 
x-ray 
nd at 


evia- 
rique 
mpli- 
1 Dr. 
ut as 
ie on 
juare 
juter- 
oved 
place 
order 
m. is 


hest. 
erely 
"ecise 
ment 
ilton 


oups 
f the 
s for 
that 
eater 


sure, 








THE HEART LUNG COEFFICIENT 239 


TABLE I 
THE NUMBER OF CASES BY SEX AND 10-YEAR AGE GROUPS WITH REFERENCE TO THE HEART LUNG COEFFICIENT 





Heart lung Men Women 

coefficient |— ———_—_—_-- 
60-69 | 70-79 | 80-89 | 60-69 | 70-79 | 80-89 
years | years | years | years | years | years 





0:38 8 3 | 

0-40 15 6 3 

0:42 22 21 6 5 2 I 

0:44 20 2) 12 5 a I 

0:46 1] 28 7 15 ae 2 

0:48 9 10 14 16 4 

0:50 — 8 3 23 18 5 

0-52 3 , 3 9 12 6 

0:54 — — ! 4 8 10 

0:56 2 . 3 l S 

0:58 — — 2 4 

0:60 — - 2 

0-62 ~ ~ l 

0:64 — l 
Total as 88 108 46 78 73 39 

TABLE II 


MEANS, STANDARD DEVIATIONS, AND COEFFICIENTS OF VARIATION OF THE HEART LUNG COEFFICIENT 
BY SEX AND 10-YEAR AGE GROUPS 








Age group Men Women 
Mean _— Standard Coefficient Mean Standard | Coefficient 
deviation | of variation deviation | of variation 
60-69 044 0-034 7-75 050 | 0-033 669 
70-79 0:46 0-035 7-54 0°51 0-039 7:70 
80-89 0-47 0-035 7°55 0:54 0-043 8-02 





All the subjects in this series were healthy and thus the entire ranges of the heart lung coefficient 
may be regarded as normal. It is of value, however, to possess upper and lower limits beyond 
which the occurrence of normal recordings are relatively infrequent. Opinions of what may be 
regarded as such limits vary from one observer to the next, but the 10th and the 90th percentiles 
are convenient limits. On this criterion the central 80 per cent ranges of the distributions are 
certainly normal, while observations occurring outside these ranges, though also possibly normal, are 
more suspect, particularly those within the upper and lower 2:5 per cent extremes of the distributions: 
Cumulative percentage frequencies were calculated from the frequency distributions shown in Table I, 
and the cumulative percentage curves drawn from these data are shown in Fig. 1 and 2 for men 
and women respectively. In addition, the 10th, 50th (median) and 90th percentiles are shown for 
each age group. From these curves are obtained directly the selected percentile values for the heart 
lung coefficient which are shown in Table III. Thus the lower and upper limits, as represented 
by the 10th and 90th percentiles, for the age groups 60-69, 70-79, and 80-89 are for men 0-40 and 
0-48, 0-42 and 0-50, and 0-42 and 0:52 respectively. The corresponding figures for the women are 
0-45 and 0-53, 0-46 and 0-56, and 0-48 and 0°58. 

The reasons that account for the increase in the heart lung coefficient with age are complex, 
require further investigation, and are beyond the immediate scope of this paper. Nevertheless, the 
coefficients of correlation of the variables to age are of interest (Table IV). There is a significant 
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TABLE IiIt 


SELECTED PERCENTILE VALUES FOR THE HEART LUNG COEFFICIENT DERIVED FROM THE CUMULATIVE 
PERCENTAGE CURVES SHOWN IN FIG. 1 AND 2, By SEX AND 10-YEAR AGE GROUPS 





Percentiles Men Women 


60-69 | 70-79 | 80-89 | 60-69 | 70-79 | 80-89 
years | years | years | years | years | years 








90 0-48 | 0:50 | 0-52 | 0-53 | 0-56 | 0-58 

75 0-46 | 0-47 | 0-49 | 0-52 | 0:53 | 0-56 

50 0-44 0:46 0-47 | 0:50 | 0:51 | 0-54 

25 0-41 | 0-44 | 0-44 | 0-47 | 0-49 | 0-51 

10 040 042 | 0-42 | 045 | 0-46 | 0-48 
TABLE IV 


COEFFICIENTS OF CORRELATION 





Men Women 
Age—Maximum transverse diameter of heart .. 0-2691 +0-064 0:0299 +0-07 
Age—Maximum transverse diameter of chest .. 0:0305+0-064 | —0-3424+0-07 
Age—Heart lung coefficient oa ae .. | 0:3389+0-064 0-3769+0-07 





positive correlation between age and the transverse diameter of the heart for men, but not for 
women. There is a significant negative correlation between age and the transverse diameter of the 
chest for women, but not for men. There is a significant positive correlation between age and the 
heart lung coefficient for both sexes. 


DISCUSSION 


Opinions differ concerning the value of the heart lung coefficient. Kerley (1950) regards the 
heart lung coefficient as a fairly reliable guide to the size of the heart, since the shape of the heart is 
to a large extent dependent on the shape of the chest. White (1945), however, states that the heart 
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lung coefficient is unreliable and unsatisfactory because of the extremely wide range of the normal, 
while Ungerleider and Gubner (1942) consider that it is crude and inexact, as the width of the chest 
is only a rough index of body stature and that it is altered in any given case by respiration. The 
concept of Kerley (1950) seems the most reasonable for more reasons than the one that he records. 
The coefficient of variation is a measure of the relative variability or scatter of frequency distributions, 
and the approximate coefficient of variation of 7-7 for the heart lung coefficient indicates that, far 
from showing a wide range of normality, it has a most moderate variability. Indeed the coefficients 
of variation for man, that are listed by Pearl (1930), show that the characteristics with coefficients 
of variation less than 7-7 are largely skeletal. Examples of coefficients of variation greater than 
7-7 are the intelligence quotient, 18-01; vital capacity, 17-90; respiration rate per minute, 17-80; 
and body weight, 10°37. In addition, the coefficient of variation of the systolic blood pressure of 
the patients in this series is about 13-0. Considering the assessment of systolic blood pressure no 
one would suggest that it be discarded, because the scatter of its frequency distribution is almost 
twice that of the heart lung coefficient and its method of recording is notoriously variable. The 
fact that the maximum transverse diameter of the chest may be only a rough index of body stature 
does not necessarily imply that the heart lung coefficient is crude and inexact. Much more important 
is the realization that any range of normality which relates to the cardiovascular system must take 
cognizance of adiposity. It is known that adiposity exerts a significant influence on the cardio- 
vascular system and, therefore, adiposity must be regarded fundamentally as a pathological entity 
to which normal limits do not apply. The adverse influence of respiration on the heart lung 
coefficient must be diminished in old age, because there is a significant negative correlation between 
age and chest expansion (Cowan 1956). Thus it is apparent that the heart lung coefficient, used 
judiciously and in conjunction with systolic and diastolic blood pressure values, can be of help in 
the evaluation of border-line cases in the older age groups, where the cardiovascular system is 
suspect. 

Danzer (1919), without stating the age or sex of his cases, recorded a range for the cardiothoracic 
ratio of 39 to 50 per cent with an average value of 45 per cent. This is similar to the ranges noted 
in this paper for men, but is much less than the ranges for women. He stated that anything 
over 52 per cent was certainly pathological. This statement is not necessarily true for older men 
and is completely misleading in the case of older women for whom the 90th percentile levels for the 
age groups 60-69, 70-79, and 80-89 are 0-53, 0-56, and 0-58 respectively. 

Tirman and Hamilton (1952) in a study of men aged 20 to 75 years, with only 11 of the men over 
the age of 60 years, found no real increase in the average values for the maximum transverse diameter 
of heart or chest, but suggested that the increase in the size of the heart may be an ageing feature, 
which is late in appearing to a significant extent. In this series, which deals more comprehensively 
with the higher age ranges, the increase in the maximum transverse diameter of the heart with age 
is significant, while the average values for the chest diameter remain essentially stationary. This, 
however, only applies to men, while women show a significant negative correlation between the 
maximum transverse diameter of the chest and age, with no correlation of any significance between 
the maximum transverse diameter of the heart and age. Thus the significant positive correlation 
between the heart lung coefficient and age for both sexes is apparently due to different causes. It is 
difficult to believe that the significant change in chest width with age in women is due to a selective 
mortality involving those with the broadest chests, and it is more probable that the reason lies in the 
possibility that women are subject to greater degrees of kyphosis than men with a corresponding 
decrease in the maximum transverse diameter of the chest. Further investigation is necessary to 
clarify this problem. 


SUMMARY 


The value of the heart lung coefficient in clinical medicine has been assessed with reference to 
242 men and 190 women, aged 60 to 89 years, who were in good health. 
The 10th and 90th percentile limits of the heart lung coefficient for the age groups 60-69, 70-79, 
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and 80-89 are for men 0-40 and 0-48, 0-42 and 0-50, and 0-42 and 0-52 respectively. The corres- 
ponding values for women are 0:45 and 0-53, 0-46 and 0-56, and 0-48 and 0-58. The application 
of the ratio of 1:2 to older women as a level of normality will give misleading information concerning 
the existence of cardiac enlargement. 

Both sexes show a significant positive correlation between the heart lung coefficient and age. 
In men this is due to an increase in the maximum transverse diameter of the heart with age, while 
in women it is the result of a significant negative correlation between the maximum transverse 
diameter of the chest and age. Further investigation is necessary to explain the increase in the 
heart lung coefficient with age in women. 
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In recent years there has been a great deal of interest in the so-called carcinoid syndrome. This 
syndrome has been observed in many cases of carcinoid tumour of the gastro-intestinal tract with 
extensive metastasis. It consists of certain transient and permanent vaso-motor changes, broncho- 
constriction, hyperperistalsis, edema and ascites, pellagra, and mural and valvular endocardial 
sclerosis with symptoms and signs of pulmonary and/or tricuspid heart disease. In most reported 
cases, only some of these components have been evident. It is generally believed that most of the 
signs and lesions are caused by 5-hydroxy-tryptamine released from the tumour tissue, but the 
exact mechanisms behind the changes are insufficiently known. The development of endocardial 
sclerosis in the right side of the heart is especially difficult to explain: though several explanations 
have been offered, no valid proof has been published in support of any of them. All recent authors 
agree that the endocardial lesions are acquired late in the course of the tumour disease. However, 
only a few of the reported patients have been studied before and after the development of their 
valvular lesions and for this reason the authors believe the present case to be of interest. Our 
studies include right-heart catheterization during a spontaneous flush episode and verification of the 
lesions by autopsy. The early history of this patient and some of the hemodynamic studies have 
been published (Thorson et al., 1954; Waldenstrém and Ljungberg, 1955; and Thorson, 1956). 


REPORT OF CASE 


A married woman, aged 37 in 1941, was operated on for cholelithiasis, and following this had an acute 
tonsillitis and arthralgia of short duration. After a brief interval, she again experienced repeated bouts of 
abdominal pain, which slowly increased in intensity. From 1942 she had also disagreeable hot flushes with 
a darkish red discoloration of the skin, and from 1948 she had diarrhcea followed by borborygmi. From 
1950 she became cyanotic at the end of the flushes, and there appeared lasting venectases over her nose 
and cheeks. She was troubled by palpitation and tachycardia during the flushes, and from 1952 by a 
swooning sensation also, at the terminal cyanotic stage of the major flushes. She felt very ill and lost weight 
and was much troubled by the discoloration and by intense colic with sudden watery stools. She had also 
slight ankle cedema. 

In 1952 one of us (O.N.) suspected a carcinoid tumour of the small intestine from her appearance. A 
rounded intra-luminar tumour of the jejunum was visualized by X-ray examination and she was operated on 
by Dr. E. Hasselstrém, J6nk6ping, in October 1952. The primary jejunal tumour was resected together 
with large secondary deposits in the mesentery, the great omentum, the right ovary, and a part of the left 
ovary. The liver surface was studded with secondary tumours. The tumours removed consisted of typical 
carcinoid tissue. Immediately after operation the patient was relieved of the spasmodic pain, the diarrhoea 
and flushes became less frequent and less intense, the oedema disappeared, her appetite improved, and she 
began to put on weight. 

During the following two years there was further slow improvement and she could manage most of her 
household activities. In the summer of 1954, however, she got slight ankle edema and dyspneea on exertion. 


* Present address: Danska Vagen 27. Goteborg S, Sweden. 
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The cyanosis, which had almost disappeared, returned during the following winter. During the summer 
of 1955 she got lasting cyanosis and increased diarrhoea, she became decompensated and declined rapidly 
during the autumn. She died in October 1955, three years after operation, seemingly from congestive heart 
failure. 

Hemodynamic Investigations. Her heart was examined on several occasions. In September 195) 
precordial auscultation and an electrocardiogram and telercentgenograms revealed nothing abnormal. No 
special studies were made during flush episodes. 

In February 1953 the heart sounds and the volume and configuration of the heart had not changed and 
were still normal between the flush episodes. During these, however, there appeared a sequence of hemo- 
dynamic changes. First, when the red colour spread over the skin, the sounds became weak and I, J, and 
K waves of the displacement ballistocardiograms became lower than before the flush. Secondly, when the 
reddening was fully developed and remained stationary the sounds, especially the first sound, became loud 
and an atrial sound became audible. At the same time, the ballistographic waves became tall, the peripheral 
pulse strong and fast, and the systolic arterial pressure increased slightly. When the reddening decreased 
after a couple of minutes and was followed by cyanosis, the first and second heart sounds again became weak 
and the ballistographic amplitudes became lower than before the onset of the flush. The atrial sound 
disappeared simultaneously or after a brief interval. The radial pulse felt small. 

These changes were found only during sudden intense changes of the skin colour. They were then 
recognized by auscultation, phonocardiography, and ballistocardiography. The systolic and diastolic 
blood pressure also varied during the flushes, but less regularly and less intensely. The noted changes were 
interpreted as showing that the cardiac output first decreased during the rapid spreading of cutaneous hyper- 
mia, then increased during the stage of constant cutaneous vasodilatation, and again decreased to sub- 
normal values when the cyanosis rapidly increased. 

In April 1954, the auricular gallop sound had become constant. It was best heard near the left border 
of the lower sternum and was evident also between the flush episodes and not only during the height of 
flush, as was the case in 1953. Also, systolic and presystolic murmurs had developed: they were heard 
over the third and second intercostal spaces near the left sternal border. The strength of the heart sounds 
and murmurs, the amplitudes of the J waves in the ballistogram, the heart rate, and the systemic blood 
pressure still changed during the flushes in the same way as in 1953; but the changes were thought to be less 
intense even in flushes with rapid colour changes involving a large area of the skin. Fluoroscopy during 
several flushes, not done before, showed striking changes of the contractions of the right ventricle and the 
pulsations of the pulmonary conus. At first, the contractions and pulsations became very small and feeble, 
then they became large and forceful-looking (when the patient experienced palpitation), and lastly they again 
became very small until the disappearance of the cyanosis. There were no visible pulsations of the pul- 
monary vessels. X-ray studies showed an increase of the heart volume at the height of flush. It was 
thought that the patient now had acquired organic valvular lesions, but she was compensated. 

When next seen in November 1954, she had developed ankle cedema, the liver was still larger, and she was 
more cyanotic. Dyspnoea was present between the flushes also, and she had slight congestive failure. 
The same murmurs were evident. Again the strength of the sounds and murmurs and the ventricular con- 
tractions at fluoroscopy varied with the flushes, but the ballistic amplitudes and the systemic blood pressure 
no longer changed during the flushes. The resting ballistocardiogram had previously been only slightly 
abnormal when no flush was present. Now it had become more abnormal. The heart volume between the 
flush episodes had increased from 460 to 710 ml., the right side seemed widened, and the pulmonary conus 
broadened. There was no post-stenotic dilatation of the pulmonary artery. There was no longer any 
measurable increase of the heart volume during flushes. The blood pressure remained about 140/95 mm. 


At this time a right heart catheterization was performed by Dr. H. Krook. During it the patient hada 
moderate flush. The intracardiac pressure pulse tracings were similar before and after the flush episode 
but much changed during the period of vivid red flush. 

When there was no flush, the caval and right atrial pressures were normal. The right ventricular diastolic 
pressure also was normal, but the systolic pressure slightly increased to 39 mm. Hg. At the passage of the 
pulmonary valve there was a sudden drop of the systolic pressure to 12 to 19 mm. The PCV pressure was 
normal. There was no evidence of any shunt. The examination showed a moderate stenosis at the site 
of the pulmonary valve, normal tricuspid function, and competency of the right ventricle (Fig. 1). 

Near the end of the second stage of a moderate flush (Fig. 2), the tracings from the right atrium, right 
ventricle, and pulmonary artery all became di- or tri-phasic. The systolic atrial pressure became raised to 
about 13 mm., the systolic ventricular pressure became depressed to about 22 mm. with a high end-diastolic 
pressure, and the pulmonary pressure was almost unchanged. At the same time the diastolic atrial pressure 
rose slightly, and the hepatic vein pressure with wedged catheter was abnormally high, 15 mm. Hg. These 
changes were thought to show a functional incompetence of the tricuspid valve, probably also of the 
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pulmonary valve, with right ventricular failure and Vorhof Pfropfung. This episode lasted for a few minutes, 
which allowed tracings to be obtained from three different sites in the right ventricle, from two sites in the 
atrium, and also from the main trunk and the right branch of the pulmonary artery. During the last 
artery tracing, the pressure fell slowly and the pulsations became attenuated, but this might have been due to 
wedging of the catheter tip, clotting, or other technical errors. 
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Fic. 1.—Pressure-pulse tracing from the right ven- FiG.2.—Pressure-pulse tracings from the right ventricle and 
tricle a few minutes after the flush had dis- thé right atrium obtained when the flush had been evident 
appeared (the unbroken line). A separately for several minutes (late second stage or beginning of the 
recorded atrial tracing with identical cycle third stage). Both tracings are biphasic. The systolic 
length (the broken line) has been superimposed ventricular pressure is lowered and the end-diastolic 
with the electrocardiogram as time reference. raised. The atrial pressures are now abnormally high. 
The systolic ventricular pressure is slightly (The period of diastolic filling of the ventricle might have 
increased, and the atrial pressures are high been slightly longer than is apparent in this drawing, as 
normal. Both tracings are monophasic. the tracings were not obtained simultaneously but with 


a brief interval) 


The cardiac output was normal before the flush. It could not be measured during the flush, as the 
patient did not then tolerate breathing into a closed system, and we were not equipped for simultaneous 
recording of the systemic arterial pressure. Premature beats were noted with the catheter in the ventricle, 
but otherwise the rhythm was normal. 

Valvotomy was not advised and the patient was discharged with digitalis therapy and later with mercurial 
diuretics which seemed to be beneficial. When last admitted in August 1955 she was more deeply congested, 
hypotensive, and anemic, and rapidly developed anasarca during the stay in hospital. The flushes had 
disappeared, the cyanosis was increased and looked like that in any severe congestive condition. Supportive 
measures were ineffective, and she died in October 1955, three years after the operation and thirteen years 
after the first symptoms. 

Necropsy Findings (Dr. V. Hederos). There was no recurrence of the primary tumour. Small metastases 
were found in the great omentum and the mesentery. Numerous almond-sized metastases were found in 
the right diaphragm. The left ovary was neoplastic and some 6 cm. in diameter. The liver was studded 
R 
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with large greyish yellow solid tumours. Other lesions were restricted to the heart. The metastases con- 
sisted of carcinoid deposits with argentaffine cells. 

The heart was examined by Prof.C.G. Ahlstro6mof Lund. It weighed 300 g. before fixation. The epi- and 
peri-cardium were fibrotic and adhered to each other. Both atria were slightly dilated, the right ventricle 
slightly dilated and hypertrophic, and up to 8 mm. in thickness. The mural endocardium was thickened 
and fibrotic in the right atrium, white and glistening in the left atrium. The tricuspid ostium permitted 
the passage of two fingers. The leaflets were slightly thickened and fibrous at the free margin, especially 
near the lateral wall. The tendinous chorde were severely thickened and shortened. The pulmonary 
cusps were more severely changed, being low, short, and thickened. The fibrotic change was greatest at the 
commissures, and propagated as fibrous strands some 10 mm. into the pulmonary artery from the com- 
missures. The pulmonary ostium admitted a little finger. The mitral and aortic valves were of normal 
size and the cusps were macroscopically intact. 

Microscopy. The diffuse thickening of the right atrial endocardium was due to a collagenous connective 
tissue covered with normal endothelium. The mural endocardium of the left atrium showed thickening 
and duplication of the elastic layer. The pulmonary cusps were thickened by a pad-like mass of con- 
nective tissue on the pulmonary surface of the cusps, which partially filled the valve pockets and spread a 





Fic. 3.—Section of a pulmonary cusp. Note the demarcated pad on the pulmonary 
surface of the cusp. Elastic stain. Magnification: x 16. 


short distance on to the pulmonary surface. The pad consisted of loose connective tissue, which in the 
deeper parts showed numerous slender elastic fibrils and some small vessels. The original elastic layer 
was laminated (Fig. 3). The tricuspid lesion was mainly similar but less marked. The tendinous chorde 
were covered by a broad layer of hyalinous connective tissue with sparse elastic fibrils. The macroscopi- 
cally normal mitral and aortic valves showed at the microscopic examination a fine nodular fibrotic thicken- 
ing, each nodule surrounded .by numerous slender elastic fibrils. The valves, chordze and walls were 
covered with endothelium. There was no inflammatory infiltration. The myocardium seemed normal. 

Biochemical Studies. "Examinations in 1954 and 1955 by Dr. B. Pernow of Stockholm showed that the 
amount of 5-hydroxy-tryptamine in the blood serum was abnormally high and that a large amount was 
present in metastatic tumour tissue obtained at the necropsy. 


DISCUSSION 


Several hypotheses have been proposed regarding the mechanisms behind the development of 
endocardial lesions in patients with the carcinoid syndrome. Thus, Hedinger and Gloor (1954) 
first mentioned the possibility that the tumour might liberate a substance stimulating connective 
tissue formation, and Thorson et a/. (1954) thought that liberated 5-hydroxy-tryptamine in some 
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way caused the endocardial lesions. The simplest explanation, then, would be that the 5-hydroxy- 
tryptamine might damage the endocardium and lead to reparatory fibroblastic proliferation, as 
was originally proposed by Waldenstrém and Ljungberg (1955) and by Goble et a/. (1955). Both 
these authors were impressed by the high proportion of lesions in the right side of the heart and 
explained it to be due to the inactivation of a part of the circulating 5-hydroxy-tryptamine during 
the lung passage with a resulting lower concentration of the substance in the left side of the heart. 
If this explanation is valid, the 5-hydroxy-tryptamine might damage the endothelium, either by its 
own action or by acting as a histamine liberator, as might be suggested by the findings of Feldberg 
and Smith (1953) and of Asboe-Hansen and Wegelius (1956). 

Alternatively, Hedinger and Langemann (1955) suggested that platelet deposition on the endo- 
cardial surface might occur in carcinoid patients, and in 1956 Goble ef a/. expressed their opinion 
that the lesions were due to increased endocardial permeability and platelet deposition on the valve 
cusps as a result of local 5-hydroxy-tryptamine action. 

Goble et al. (1956) refuted the suggestion of Jenkins and Butcher (1955) that increased pulmonary 
vascular resistance due to constriction of pulmonary arterioles by serotonin (5-hydroxy-tryptamine) 
was the cause of the valvular sclerosis, because catheterization studies in their patient showed that 
the previously low cardiac output became moderately raised and the calculated pulmonary resistance 
slightly lowered during an induced red cutaneous flush. During a following period of broncho- 
constriction the output again decreased and the resistance rose slightly but was still within normal 
limits. Evidently their patient had no signs of pulmonary arterial constriction. 

The present patient regularly showed striking hemodynamic changes during intense flushes— 
changes that included episodic increase of the venous return and dilatation of the right side of the 
heart. At catheterization the patient was found to develop tricuspid regurgitation, probable pul- 
monary regurgitation, and right ventricular failure during a spontaneous flush. She showed no 
increase of the pulmonary arterial pressure, but no pressure tracings were obtained during the 
first one or two minutes of the flush, and after that such a change would have been counteracted 
by the tricuspid regurgitation and right ventricular incompetence. The catheterization in our 
patient, as well as that in the patient reported by Goble et a/., was performed after the development 
of anatomical valvular disease, when the pulmonary stenosis was functionally evident even with the 
patient at rest and free from flush. At this advanced stage of the disease any increase of the out- 
flow from the right ventricle would increase the resistance to flow of the pulmonary valve and be 
counteracted by this. Therefore, the results obtained at the catheterization did not refute the 
possibility that the pulmonary arterial pressure might have been raised during flush episodes 
earlier in the course of the disease or even during the first one to two minutes of the examined flush. 
On the contrary, the findings suggested that this had happened in our patient. The findings in this 
as well as in three othe1 patients with the carcinoid syndrome and darkish red flushes (Thorson, 
1956) showed that periodic dilatation of the right ventricle occurs in at least some of the patients 
with the syndrome. 

The localization and histology of the heart lesions could also suggest that repeated overstretching 
of the valvular rings and cusps participate in the production of the lesions. The mural endocaidial 
sclerosis probably is secondary to the valvular lesions. Thus, sclerotic thickening visible to the 
naked eye has only been reported in patients with valvular derangement of functional significance, 
and, with one exception, only in dilated chambers without muscular hypertrophy or with only 
slight hypertrophy. The one exception was reported by Millman (1943). As yet no case of 
carcinoid tumour and pulmonary and/or tricuspid lesions has been reported in a patient who had no 
flush phenomena or in whom the flushing started after the appearance of reliable signs of the 
heart lesions. The recorded hemodynamic changes in this case and in other personal cases seemed 
to be more violent in the venous part of the circulatory system than in the arterial and this could 
help to explain the more severe lesions in the right side of the heart. 

From the discussion it emerges that there are several possible mechanisms that might par- 
ticipate in the production of the endocardial lesions, namely, sudden distention of the endocardial 
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structures in the right side of the heart repeated during several years, a local action of 5-hydroxy- 
tryptamine which might alter the endothelial permeability, and deposition of fibrine and platelets 
on the endothelium. It is also possible that the altered tryptophan metabolism with hypoprotein- 
emia and hypovitaminosis in carcinoid disease (Sjoerdsma and Udenfriend, 1956) might lower the 
tissue resistance against trauma, and the higher CO, tension and lower O), tension in the right 
atrium and ventricle could be of some importance for the localization of the lesions. 

Regarding treatment after the development of valvular lesions in patients with the carcinoid 
syndrome, two points should be stressed. First, these patients are seemingly not suited to valvotomy 
even when it has been possible to remove all tumour tissue. This is due both to the common 
combination of pulmonary and tricuspid lesions and to the anatomy of the stenosis with shrunken 
and rigid cusps and, in some cases, fibrous constriction of the annular ring. A valvotomy, then, 
would only increase the regurgitation, since the small remaining cusps could not close the orifice 
effectively during diastole after separation at the commissures. Secondly, opiates for alleviation 
of the diarrhoea should be used only with caution when the patients have a small diuresis. It is 
possible that treatment with tincture of opium during the final stay in hospital caused the final 
rapid accumulation of oedema and anasarca in our patient. We know of three others who 
showed great increases of both water retention and flush tendency after a few days’ treatment with 
opiates: in these three the oedema disappeared and the flush tendency decreased when the opiates 
were withdrawn, and this was repeated several times in one of the patients. The disappearance of 
the cedema in the patients was correlated not with an increased diuresis but with a temporary 
increase of the diar1heea. 


SUMMARY 


Symptoms, signs, operative findings, and necropsy findings in a woman, aged 51, with a car- 
cinoid tumour of the jejunum and extensive argentaffine metastases are reported. The symptoms 
had started ten years before the operation and the patient lived for three years after it. 

During her last three years hemodynamic examinations were made at intervals before and after 
the appearance of signs of pulmonary stenosis and tricuspid regurgitation. The examinations 
showed a sequence of kinetic changes correlated to the flush episodes. 

Catheterization confirmed the pulmonary stenosis. During a spontaneous flush the pressure- 
pulse tracings showed a brief period of tricuspid regurgitation and right ventricular failure. 

The pathogenesis of the endocardial sclerosis in the carcinoid syndrome is briefly discussed. 

Caution is expressed against operation on the valvular lesions, and against the uncontrolled 
use Of opiates in patients with diarrhoea and a low diuresis. 


We wish to express our gratitude to Professor C.-G. Ahlstrém, Head of the Department of Pathology, the Uni- 
versity of Lund, for generous help with the anatomical and histological description of the heart and for the micro- 
graph; to Professor J. Waldenstrém, Head of the Department of Medicine, Malm6, for the biochemical data; and to 
Dr. H. Krook, Malmé6, for the catheterization data. 
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The oral diuretic amisometradine (rolicton) is an isomer of aminometradine (mictine) but is 
relatively free from toxic effects while maintaining a reasonable diuretic potency (Belle, 1957; 
Settel, 1957; Jose and Wood, 1958). The present study was designed to assess the usefulness of 
amisometradine in the treatment of patients with congestive heart failure and to compare the excre- 
tion of water and electrolytes produced by it with that elicited by mersalyl. 


MATERIAL AND METHODS 


Seventeen patients suffering from untreated congestive heart failure of moderate severity were 
treated with amisometradine. Patients whose condition made immediate therapy with diuretics 
imperative were excluded from the trial. Twelve of the patients were suffering from pulmonary 
heart failure, two from mitral stenosis, and one each from pernicious anemia and ischemic and 
hypertensive heart disease. 

Each patient was weighed daily and received a diet containing a constant amount of sodium 
chloride (either 500 mg. or 2 g.) and fluid (1000 or 1200 ml.) each day. Twenty-four hour collections 
of urine were made from 16 patients throughout the study. One to six control days preceded the 
administration of a diuretic. Patients who had a spontaneous diuresis during this period were 
excluded from the investigation. Treatment with digitalis, antibiotics, and other non-diuretic 
drugs was given as required, but wherever possible this treatment was instituted at the beginning 
of the “control” period and was not altered until the trial of the diuretic had been completed. 

In 16 patients the effects of amisometradine were compared with those of mersalyl. Since 
administration of any diuretic may change the patients’ condition, amisometradine was given 
before mersalyl to nine patients and the mersalyl first to the other seven. Mersalyl was administered 
intramuscularly in doses of 2 ml. and was not preceded by ammonium chloride. Amisometradine 
was given orally in amounts ranging from 400 mg. every 12 hours to 800 mg. every 8 hours for two to 
sixteen days. 

The sodium, potassium, and chloride content of each specimen of urine were measured and in 
most patients the concentrations of these electrolytes in the plasma were estimated before and after 
treatment with amisometradine. Sodium and potassium concentrations were measured by flame 
photometry and the chloride concentration by potentiometric titration with silver nitrate (Sanderson, 
1952). 

In addition to these acute observations 10 out-patients who had recovered from attacks of con- 
gestive cardiac failure were treated with amisometradine. 


RESULTS 


Therapeutic Effect in Congestive Heart Failure. The clinical response of the patients with conges- 
tive heart failure to amisometradine was classified as ‘‘ good”, if the average weight loss during 
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treatment was 0°5 kg. or more per day, and as “failure” if no weight loss occurred. Patients who lost 
weight at a rate of less than 0-5 kg. per day were considered to have had a “fair” result. Judged on 
this basis 12 of the 17 patients had a good or fair response (Table 1). Six patients became free from 
cedema after 5 to 9 days’ treatment. Administration of amisometradine was stopped in two other 
patients who were responding well but had not become free from oedema, so that the comparison 
with mersalyl could be made. 

Amisometradine usually produced the greatest increase in urine volume on the second or third 
day of treatment. In most of the patients in whom a good or fair response was obtained the diuresis 
persisted during the 24 hour period after the last treatment day (Fig. 1). 
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Fic. 1.—Changes in weight and electrolyte excretion occurring in a 
patient who responded well to amisometradine. 
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9 lost The number of patients treated was too small to assess the effects of different doses accurately 
d on but 800 mg. twice daily seemed to be the «ntimum dose (Table 1). 
from TABLE | 
other CLINICAL RESPONSE OF PATIENTS WITH CONGESTIVE CARDIAC FAILURE TO DIFFERENT DOsEs OF 
rison AMISOMETRADINE 
third No. of Dose that gave better Results of treatment 
é patients Dose response eee ARK A dee 
ITesis | Good Fair | Failure 
5 400 mg. b.d. — 1 3 ] 
4 400 mg. to 800 mg. b.d. 800 mg. b.d. in 3 patients | y I 1 
| 6 800 mg. b.d. - 3 1 2 
2 800 mg. b.d. to 800 t.d.s. | 800 mg. b.d. in 2 patients, | 0 1 | 
| | Total 6 6 5 





Comparison of Diuretic Effects of Amisometradine and Mersalyl (Fig. 2). The urine volume and 
electrolyte excretion during treatment with amisometradine or mersalyl have been expressed as the 
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Fic. 2.—Changes in water and electrolyte excretion produced by amisometradine 
and mersalyl respectively in 16 patients with congestive heart failure. 
Negative values denote fluid or electrolyte retention when compared with the 
average values during thecontrol period. In each patient the largest 24 hr. 
volume of urine ecreted during treatment with amisometradine is compared 

with the larger produced after a single dose of mersalyl. 




















252 MARGARET PLATTS 
change in excretion of each constituent in 24 hours compared with the average value during the con- 
trol period (Fig. 2). In 5 of the 16 patients the greatest 24-hour urine volume and sodium excretion 
during treatment with amisometradine exceeded those produced by mersalyl. Four of these 
were patients to whom mersalyl was given after amisometradine. In all the others the maximal 
daily urine volume and sodium loss following mersalyl were greater than on any single day after 
amisometradine. In 5 out of the 6 who received mersalyl both before and after amisometra- 
dine, mersalyl produced a larger diuresis after amisometradine than it did before. In two 
patients a partial resistance to mersalyl was abolished after a short course of amisometradine 
(Fig. 3). 
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Fic. 3.—Patient initially partially resistant to mersalyl in whom a 
short course of amisometradine was followed by an increased 
response to mersalyl. 
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Amisometradine usually caused a diuresis of sodium and chloride in approximately equimolecular 
concentrations. However, in the 4 patients who lost more than 100 mEq. of sodium daily in excess 
of the control excretion, chloride excretion was about 20 per cent less than that of sodium. 


Effect of Amisometradine on Ambulant Patients with Heart Disease. Ten out-patients who had 
recovered from attacks of congestive heart failure received 400 to 800 mg. of amisometradine twice 
daily for 5 days a week over periods of three weeks to fifteen months. In two the number of mersalyl 
injections on which they had been maintained was reduced from two to one per week when treatment 
with amisometradine was begun. One of these patients gained 2-3 kg. in weight during the ensuing 
month and treatment with amisometradine was abandoned. The other has remained well for 
ten weeks. Two patients who had been free from cedema for a year on one injection of mersalyl a 
week were given 800 mg. of rolicton twice daily in place of the mersalyl. One of these has remained 
well for fifteen months but the other became cedematous again in five weeks. 

Of the other 6 patients who were discharged from hospital on amisometradine 3 were receiving 
mersalyl as well and 2 were intolerant of mercurial diuretics. Four of these six patients were re- 
admitted with recurrencies of congestive heart failure from one to five months later. All these 
patients had had more than one previous attack of cardiac failure. 


Toxic Effects —Out of a total of 23 patients 6 were nauseated while taking amisometradine. 
In one the nausea was relieved by withholding digitalis and in another vomiting occurred 48 hours 
after stopping amisometradine. A third developed nausea simultaneously with the onset of a 
further attack of heart failure. None of the patients vomited while receiving the drug. 

No significant changes in the plasma sodium or chloride concentrations occurred in 13 patients 
treated with amisometradine for periods of from two days to four months. A reduction in plasma 
potassium concentration was observed in 8 of these 13 patients but in only two did this exceed 
0:5 mEq/l. The lowest plasma potassium concentration recorded during treatment was 3-0 mEq/1. 
but no symptoms of potassium depletion occurred. No other toxic effects were encountered. 


DISCUSSION AND CONCLUSIONS 


Amisometradine is a useful oral diuretic, producing loss of weight in two-thirds of patients with 
moderately severe congestive cardiac failure. Belle (1958) obtained a satisfactory therapeutic 
response in 92 per cent of his ambulant patients with heart failure who were probably less severely 
ill than those in the present series. 

The diuresis produced by amisometradine is sustained and though the daily urine flow may not 
be dramatic the cumulative effect over a period of several days may compare favourably with the inter- 
mittent diuresis produced by mersalyl given two or three times a week. Jose and Wood (1958) 
conclude that 2:4 g. of amisometradine given over 48 hours has approximately 40 per cent of the 
diuretic potency of 2 ml. of mersalyl measured over 24 hours. This measurement probably under- 
estimates the relative efficacy of amisometradine given for longer periods since the maximum 
diuresis produced by this drug may not be attained for three or more days. On the other hand 
fluid retention frequently occurs during the second 24-hour period after administration of mersalyl. 

A figure in Jose and Wood’s paper confirms our finding that the diuresis often persists for 24 
hours after withholding amisometradine. This suggests delayed excretion of the drug and it there- 
fore seems wise that long-term treatment with the drug should not be continuous but that one or two 
days’ rest should be given each week to prevent undue accumulation of the drug. Our impression 
that 800 mg. twice daily is the optimum dose in general for adults with congestive cardiac failure 
confirms the finding of Settel (1957), who obtained a greater diuresis with 1-5 to 2 g. daily than he 
did with 0-6 to 0°8 g. daily. 

The urine passed during a good diuresis produced by amisometradine contains somewhat less 
chloride than sodium and therefore hypochloremic alkalosis is not likely to develop, as it may after 
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mersalyl. If a larger series of patients should confirm that no clinically significant potassium loss is 
encountered after treatment with amisometradine, this would constitute an advantage over chlorothia- 
zide, which causes potassium depletion in a considerable proportion of patients (Bayliss et al., 1958: 
Slater and Nabarro, 1958). 

Although mild nausea occurred in about one-quarter of our patients this could not be definitely 
attributed to the drug in any case. This is in contrast with aminometradine (mictine) which had to 
be withheld from 3 of another similar series of 18 patients with congestive cardiac failure because 
of nausea and vomiting (Platts and Hanley, 1956). However, amisometradine in doses of 800 to 
2400 mg. did not seem to be quite so effective as aminometradine in doses of 400 to 800 mg. per 
day, which caused a “good” or “fair” diuresis in 16 out of 18 patients. Higher doses of amiso- 
metradine may produce better results but our limited experience does not suggest this. 

Because of its delayed and uncertain action amisometradine is not the diuretic of choice for 
treatment of severe or recurrent congestive cardiac failure though it may be of use in restoring 
the response to mercurial diuretics. Its main use promises to be in the domiciliary treatment of 
mild congestive heart failure and in the maintenance of such patients after recovery. 


SUMMARY 


Out of 17 patients with moderately severe congestive cardiac failure, 12 had a diuresis when 
treated with 800 to 2400 mg. of amisometradine daily. Six lost more than 0-5 kg. in weight daily. 

Of 10 out-patients who had recovered from one or more attacks of heart failure, 2 remained well 
on reduced doses of mersalyl but 5 developed further attacks of heart failure. 

Nausea occurred in 6 out of 23 patients but could not be definitely attributed to the amisome- 
tradine in any case. Eight out of 13 patients showed slight reduction in plasma potassium concen- 
tration during treatment: this produced no symptoms and no other toxic effects were encountered. 


I wish to thank Professor C. H. Stuart Harris and Dr. T. Hanley for helpful advice and criticism and Miss A, 
Thrall for technical assistance. I am also indebted to the Medical Research Council for financial assistance and 
Messrs. G. D. Searle & Co. Ltd. for supplies of amisometradine (rolicton). 


REFERENCES 


Bayliss, R. I. S., Marrack, D., Pirkis, J., Rees, J. R., and Silva, J. F. (1958). Lancet, 1, 120. 
Belle, M. S. (1958). Amer. Heart J., 55, 114. 

Jose, A. D., and Wood, P. (1958). Brit. med. J., 1, 9. 

Platts, M. M., and Hanley, T. (1956). Brit. med. J., 1, 1078. 

Sanderson, P. H. (1952). Biochem. J., 52, 502. 

Settel, E. (1957). Postgrad. Med., 21, 186. 


Slater, J. D. H., and Nabarro, J. D. N. (1958). Lancet, 1, 124. 











ad to 


cause 
00 to 
2. per 
miso- 


e for 
oring 
nt of 


when 


ily. 
1 well 


;ome- 
ncen- 


liss A, 
se and 











STUDIES IN PULMONARY HYPERTENSION IN CONGENITAL 
HEART DISEASE* 


BY 
HOWARD B. BURCHELL 


From the Mayo Clinic and Mayo Foundation,+ Rochester, Minnesota, U.S.A. 


Received July 21, 1958 


I feel honoured to have been asked this year to deliver the St. Cyres Lecture. I am burdened 
with the double responsibility of attempting to attain the high standards set by the preceding 
lecturers and of giving this lecture in the first year of the second century of the life of the National 
Heart Hospital, which sponsors it. I feel that tribute should be paid to the late Viscountess 
St. Cyres, who established this lectureship in 1926, the year of the death of her husband. The 
present Viscount St. Cyres has written me that in 1918 “‘both the late Lord and Lady St. Cyres 
contracted very severe influenza which apparently affected their hearts.””> From what I have heard 
in conversations it would be fitting to pay tribute to the first lecturer also, Dr. Strickland Goodall, 
who had some influence in the bequest. I understand that one of the stipulations in the trust for 
the lectureship was that it was to be on the subject of the myocardium, and one wonders whether 
there might be a particular relationship of this subject to the illness of Viscount St. Cyres or to the 
interests and medical convictions of the unconventional Australian-born descendant of a long line 
of English physicians, a stimulating teacher of physiology and cardiology, Dr. Strickland Goodall. 

The material that I shall present today deals mainly with the hemodynamics of the pulmonary 
circulation, but it is proper to keep always in the background of our minds an awareness of the 
driving force that creates the pulmonary hypertension with which we shall deal. This force origin- 
ates in the myocardium. By stressing this point I can justify this presentation as fulfilling in a broad 
sense the stipulation of the donor of the lectureship. While Dr. Strickland Goodall properly 
emphasized the myocardium as the important factor in the maintenance of an adequate circulation, 
I would like to quote the following statement from a 1927 lecture given by him (Strickland Goodall, 
1927): “I would also point out that the efficiency of the circulation as a whole depends, not only on 
the myocardium, and valves of the heart... but also upon [other factors] together with the 
musculature of the arterioles.” 

In classifying pulmonary hypertension associated with congenital heart disease, one can separate 
the cases into those in which the venous outflow is impeded and those in which it is not impeded. 
I shall not discuss today the type of pulmonary hypertension associated with pulmonary venous 
obstruction such as is exemplified by stricture of the pulmonary veins, by narrowing of a common 
vein draining anomalously the total pulmonary venous system, or by cor triatriatum. Rather, I 
shall concentrate on the pulmonary hypertension occurring with ventricular and atrial septal defects 
and I shall make added references at times to pertinent data from cases of patent ductus arteriosus. 
Our clinic has previously reported on the incidence of pulmonary hypertension in these three con- 
ditions. For equivalent pulmonary blood flows, pulmonary hypertension is most common in 
ventricular septal defect and least common in atrial septal defect (Swan et al., 1954). 


* St. Cyres Lecture of the National Heart Hospital, delivered at London, England, June 4, 1958. ; 
+ The Mayo Foundation, Rochester, Minnesota, is a part of the Graduate School of the University of Minnesota, 
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256 HOWARD BURCHELL 
VENTRICULAR SEPTAL DEFECT 

For the maintenance of life a minimal systemic pressure is necessary. In cases of large ventri- 
cular septal defect this systemic pressure must be maintained by an adequate stroke volume of the 
joint ventricular system delivered to an arterial reservoir from which the run-off is neatly regulated, 
The actual pressure existing in the pulmonary artery will be similar to that in the aorta and will be 
set by those factors that determine systemic blood pressure in the mammalian organism. If the 
pulmonary resistance were to be inadequate it is evident that systemic flow could not be maintained 
and heart failure with engorged lungs would result. This is the explanation that my colleagues and 
I offer for the high mortality rate in infants who have an uncomplicated ventricular septal defect, 
If the pulmonary vascular resistance is maintained at a level that is adequate to support a normal 
systemic flow, the child survives and usually does not get into serious difficulty until the second or 
third decade of life. 

Studies by Civin and Edwards (1951) on foetal lungs have demonstrated the normal thick-walled 
small arteries; it is believed likely that these arteries may maintain their thick walls and never 
undergo the involution necessary to become normal pulmonary vascular structures in patients 
whose hearts exhibit what Edwards has termed a “common ejectile force.” To what degree, in any 
single patient, there may be partial involution of these vessels allowing greatly increased pulmonary 
flow in the early postnatal state, and then redevelopment of thick-walled vessels, is controversial. 
I believe that varied patterns may occur, but with involution being common, in the wide spectrum 
of pulmonary vascular changes in the postnatal state when a large ventricular septal defect 
is present. Pertaining to this problem are the observations of Heath et a/. on the pulmonary 
vasculature of two infants who died on the second day of life with a widely patent ductus. The 
ratio of the diameter of the lumen to the thickness of the arterial wall in the small pulmonary 
arteries was found to be abnormally high. It was suggested that, in the newborn, unduly rapid 
transition from the feetal thick-walled pulmonary arteries to the thin-walled adult type of vessel 
might result in fatal pulmonary oedema as a complication of left ventricular failure from a large 
left-to-right shunt. It should be emphasized that the morphological differences in the pulmonary 
vasculature in infants are primarily medial. It is only later that intimal obstructive changes develop 
in patients with a ventricular septal defect, and these may indeed be very late in appearing in some 
instances. 

It has long been recognized that the size of the ventricular septal defect is an important deter- 
minant in the clinical picture and that small ventricular septal defects may be associated with a 
functionally normal circulation in both the systemic and the pulmonary circuits. The relationship 
that usually has been employed as an index of circulatory difficulty is that between the area of the 
aortic orifice and the area of the ventricular septal defect. This is a proper comparison; however, 
it is not possible from post-mortem examination of the size of the defect to determine the quantities 
of blood that would pass from the right ventricle into the aorta across the defect. This will depend 
upon the resistance offered by the defect itself and the resistances of the pulmonary and systemic 
circulations. From recent observations made at the time of the surgical closure of ventricular 
septal defects and observations of angiocardiograms, it seems possible that the systolic, or dynamic, 
size of the ventricular septal defect may not be equivalent to what is measured at the time of necropsy 
and one must give a word of caution regarding the significance of analyses of the sizes of ventricular 
septal defects measured in the dead heart. Let me not suggest to you that there is necessarily a 
gross difference between the size of the “‘“dynamic defect”’ and the size of the “‘anatomical defect” 
but rather that there could be, in occasional instances, a significant difference. If one examines the 
size of the defect as described by the surgeon at the time of his repair or the size described by the 
anatomist, and relates it to the pulmonary pressure, one finds that there is apparently a critical 
size beyond which pressure in the pulmonary artery is equivalent to aortic pressure. To make 
comparisons at different ages possible, the size of the ventricular defect per square metre of body 
area may be plotted against the ratio of pulmonary to systemic pressures. The critical area of the 
defect at which the pulmonary and systemic pressures equalize comes out to be one sq. cm. per sq. Mm. 
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of body area. These observations by Savard and co-workers at our clinic include measurements of 
either surgeon or anatomist and support in general the conclusions of Paul Wood et al. (1954) who, 
largely on a theoretical basis utilizing the hydraulic formula of Gorlin, stated that a defect 1 cm. in 
diameter is of critical size in relation to the presence of severe pulmonary hypertension. Actually, 
for adult patients, the calculated critical area is in excess of 1 sq. cm. if one considers our data given in 
relation to body area; thus Wood’s critical area is too small; an orifice in adults closer to a diameter 
of 1-5 cm. would be one that roughly fitted our data. The size of the ventricular septal defect may 
determine not only the clinical pattern of the disease at the time of observation but also the life 
history of the disease. As illustrated by the studies of Brotmacher and Campbell (1958) and our 
data, a population afflicted with a large ventricular septal defect and pulmonary hypertension shows 
increments of the pulmonary pressure for each added decade of age. It is logical to assume from 
charts such as theirs that, when in the presence of a ventricular septal defect pulmonary hypertension 
is found, it will increase in time, and this assumption is all the more likely to represent a sound 
conclusion in view of the fact that pulmonary vascular resistance also increased with age. Our 
data are in essential agreement with theirs. It seems hardly necessary to mention that such graphs 
of a population do not reflect necessarily what an individual with a ventricular septal defect may do 
in his lifetime. 

In years past, there was much emphasis upon the relationship of the aortic root to the ventricular 
septum, that is, upon whether the aorta “‘overrode”’ the ventricular septal defect and appeared to 
originate from the right ventricle. There is no question that anatomically there is considerable 
variation in the relationship of the aortic root to the ventricular septal defect and its so-called dextral 
position, but position per se plays no significant role in the altered hemodynamics; with this con- 
clusion, the majority of present-day investigators are, I believe, in agreement. 

Let us examine further the situation existing in the circulation when a large ventricular septal 
defect is present, or indeed when there is a single ventricle. When the right and left cardiac pumps 
are not separate units but communicate with each other through a large ventricular septal defect, 
itmay seem unnecessary and even pretentious to mention the inescapable fact that there is a common 
source of power, the equivalent of a single pump. But at the risk of extolling the obvious I would 
mention that in this situation the distribution of the flow of blood to the two great vessels will depend 
upon the relative resistances in the systemic and the pulmonary arterioles. One of the early interests 
of my colleagues and myself was assessment of the two vascular beds (Burchell et a/., 1950), parti- 
cularly as to whether resistances changed in parallel or possibly reciprocally. Very early in our 
experience it was noted that under some circumstances there might be reciprocal change in the res- 
pective resistances. Marked changes in this respect were rare and not predictable for any indi- 
vidual patient. There were three situations wherein a differential effect on the systemic and pul- 
monary vascular control was observed. In the order noted these were: (1) exercise, (2) the breathing 


’ of mixtures containing low and high concentrations of oxygen, and (3) the use of certain drugs that 


were known to raise or lower systemic blood pressure in the normal subject. 

As to the effect of exercise, certain subjects with severe pulmonary vascular obstruction and 
pulmonary hypertension were observed in whom exercise increased the peripheral systemic flow but 
reduced the pulmonary flow, with the net result of an increase in the right-to-left shunt and the 
cyanosis. In one adult studied during exercise the lungs became so nearly excluded from the 
circulation that the oxygen saturation of the arterial blood closely approached that of mixed 
systemic blood. A detailed analysis of the effect of exercise on the /eft-to-right shunt in patients 
with a central defect between the two circulations and with pulmonary hypertension has been made 
by Swan et al. (1958) in our clinic. Exercise regularly caused a decrease in the left-to-right shunt, 
with a decrease in systemic resistance and usually an increase in pulmonary resistance. The pul- 
monary flow remained relatively constant, and as would be expected, the pressure in both circuits 
rose. These observations are in accord with those of Scebat et al. (1957) who reported mainly on 
patients with low pulmonary vascular resistance. Contrary results in a limited number of patients 
exercising in the upright position have been reported by Bruce and John (1957). 
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It is generally known and accepted at this time that breathing of low oxygen mixtures will cause 
an increase in pulmonary vascular resistance, and breathing of high oxygen mixtures (particularly 
100 per cent oxygen) will cause a decrease in pulmonary vascular resistance. No satisfactory 
explanation for this phenomenon is as yet known. We believe that there is danger in subjecting a 
patient to the breathing of a low oxygen mixture when there is severe pulmonary vascular 
obstruction, though no accidents resulted from our investigations in this area about ten years ago, 
To illustrate the phenomenon of breathing a low oxygen mixture, in one subject with pulmonary 
hypertension and a patent ductus the arterial saturation dropped precipitously to a very low level, 
approaching that of the venous systemic blood, and the lungs apparently were practically excluded 
from the circulation just as they were nearly excluded in the previously mentioned patient who was 
subjected to exercise. 

Interest in the effect of the breathing of 100 per cent oxygen on pulmonary vascular resistance 
has not waned over the past ten years. One of the first communications (Burchell et a/., 1953) from 
our laboratories to deal with the differential effect of breathing various oxygen mixtures on the 
systemic and pulmonary circulations pertained to studies in patients who had a patent ductus 
arteriosus and equivalent pressures in the aorta and the pulmonary artery. There existed here a 
natural biological state wherein one could readily measure the differential effect of breathing 
varying oxygen mixtures by means of the variation of the right-to-left shunt through the ductus, in 
that blood from the proximal part of the aorta as sampled from the right brachial artery was of 
different saturation from that in the descending aorta as sampled from the femoral artery. With 
the breathing of 100 per cent oxygen, one consistently saw a decrease in the right-to-left shunt; this 
could be demonstrated not only by the respective saturations in the samples from the two blood 
vessels mentioned, but also from dye-dilution curves obtained at the two respective sampling sites, 
the right brachial (or radial) and the femoral arteries, following the injection of dye into the right 
ventricle or pulmonary artery. With the breathing of air or a low oxygen mixture, one often saw 
early-appearing dye in the femoral dye curve, but this might completely disappear or at least 
decrease when pure oxygen was breathed. 

In all types, but not in all cases, of pulmonary hypertension studied in our laboratory, the breath- 
ing of 100 per cent oxygen has been observed (Marshall et a/., 1957) to cause a lowering of pulmonary 
vascular resistance as manifested by an increase in pulmonary flow concomitantly with a varying 
decrease in pressure. Exceptions have occurred; these have been noted particularly in primary 
pulmonary hypertension and in some cases of pulmonary hypertension associated with ventricular 
septal defect. Of exceptional interest to me is the fact that the effect of breathing oxygen instead 
of air in lowering the pulmonary vascular resistance gave early promise of correlating with the 
degree or grade of the morphological changes in the lungs as reported by the pathologists. In parti- 
cular, those extensive pulmonary vascular changes, wherein not only medial thickening and intimal 
proliferation and fibrosis, but also the vasodilatation lesions so characteristic of late stages of pul- 
monary vascular obstruction are present, might predict that the response of the pulmonary vascular 
resistance to oxygen might be decreased or absent. 

The first drugs we used to modify the situation, which guardedly we may label as the “ Eisen- 
menger syndrome,” were those that were known to produce systemic vasoconstriction or vasodilata- 
tion. The two drugs initially investigated were the pressor amine, “vasoxyl,’’ and the ganglion- 
blocking agent, tetraethylammonium bromide (or chloride). The early efforts in this pharma- 
cological field were desultory in that it was particularly difficult to differentiate pulmonary and 
systemic effects. It appeared, however, in at least certain cases that when systemic pressure was 
increased with vasoxyl there was some shift of blood flow into the pulmonary circulation, and that 
when systemic pressure was lowered with tetraethylammonium ion there was a shift of flow toward 
the systemic side. In other words, raising the systemic blood pressure decreased the right-to-left 
shunt, while lowering the systemic blood pressure increased the right-to-left shunt. 

Recently, along with many others throughout the world, Shepherd (1958) of our laboratories 
has become interested in the effect of acetylcholine, particularly because of the fact that one can 
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produce a local effect within the lungs, owing to rapid destruction of the drug by the circulating 
blood before it reaches the left side of the heart and the peripheral circulation. 

Studies of acetylcholine have been carried out in nine cases of pulmonary hypertension associated 
with atrial or ventricular septal defects. In all the six cases with atrial septal defect the pulmonary 
vascular resistance decreased to some degree, but in three cases of ventricular septal defect slight 
decrease occurred in only one. The records indicating the decrease in pulmonary resistance are 
those of a reduction in right ventricular pressure and a simultaneous rise in the oxygen saturation 
of the pulmonary blood, both of these factors being monitored constantly during the studies. My 
original impression concerning the effect of breathing 100 per cent oxygen was that probably maxi- 
mal dilatation of the pulmonary vasculature might be obtained, this impression having been based 
on the great changes in the calculated resistance values in some instances. However, the injection 
of acetylcholine in occasional patients, following maximal decrease of pressure in the pulmonary 
artery from the breathing of 100 per cent oxygen, has resulted in a further decrement in the 
pulmonary pressure, indicating that the two mechanisms possibly could be dissimilar and additive 
in their effect. 


PATHOLOGICAL CHANGES OF MAIN PULMONARY ARTERY 


The contributions of Donald Heath, who has been working with Edwards et al. (unpublished 
data) in our clinic the past year, have been outstanding, in my opinion, in the field of pul- 
monary vascular change. I believe that his observations on the histological architecture of the 
great vessels, namely the aorta and pulmonary trunk, in relation to the presence of congenital or 
acquired pulmonary hypertension are of sufficient interest to mention here. At birth the structure 
of the media is similar in the aorta and in the pulmonary artery, with characteristic long uniform 
strands of elastic tissue. In the normal infant there is a fairly rapid involutionary process in the 
pulmonary arterial structure and the elastic tissue breaks up and becomes irregularly disposed 
through a thinned media. In the presence of a large ventricular septal defect or of other lesions 
such as a single ventricle or tricuspid atresia with an open pulmonary artery, the wall of the main 
pulmonary artery apparently never goes through the involutionary process and the media shows a 
histological structure similar to the normal adult aortic media. On the other hand, if the media of 
the pulmonary artery has undergone involution and later pulmonary hypertension develops, for 
example in cases of atrial septal defect or acquired heart disease, the thickness of the media increases 
but the elastica does not form the even stratified strands characteristic of the wall of the pulmonary 
artery in cases in which it is believed that there is congenital pulmonary hypertension. These 
differences are so dramatic that I believe that one could teach a medical student to make the differen- 
tiation within a few minutes; indeed, letting one’s imagination run wild, it would seem possible to 
make the diagnosis of congenital pulmonary hypertension in persons dead for centuries if a piece 
of pulmonary artery were available and in reasonable condition. 

At this juncture one can return to a discussion of the myocardium again, since in those cases of 
ventricular septal defect in which there is a high pulmonary resistance the chambers may stay small, 
the walls of the two ventricles may be of equal thickness, and clinically the heart is quiet as com- 
pared with the tumultuous action observed in the cases characterized by a very large shunt from 
left to right and a high pulmonary flow. In the latter cases, in which the flow is high, the pulmonary 
hypertension may equal that observed in cases in which the pulmonary flow is small, but obviously 
the calculated value for pulmonary resistance is much lower than that for systemic resistance. In 
this situation, a high pulmonary flow may be said to help maintain the pressure in both the systemic 
and the pulmonary circuits, a hyperkinetic pulmonary hypertensive factor already alluded to. 


ATRIAL SEPTAL DEFECT 
Pulmonary hypertension in association with atrial septal defect is relatively uncommon, usually 
developing in early adult life and being practically unknown in young children. 
Forty-two patients in whom pulmonary systolic pressure was in excess of 60 mm. of mercury have 
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been seen in our clinic. The factors responsible for the pulmonary vascular obstruction with 
resultant pulmonary hypertension are unknown, and there are individual cases that would seem to 
rebut any universal theory. That there is probably a cause-and-effect relationship between the 
atrial septal defect and the greatly increased pulmonary blood flow is accepted by me, and the early 
histological lesions have been demonstrated by Edwards to occur at the thin arteriolar junction to the 
small arteries. He believes that the small arteries just proximal to these stenotic areas hypertrophy 
and that the condition may gradually spread in an erratic way throughout the whole pulmonary 
vasculature. I share in Edward’s opinion that thrombosis is not a primary mechanism in the 
development of pulmonary vascular obstruction in patients with atrial septal defect. It is known 
that serotonin, or 5-hydroxytryptamine, is a potent vasoconstrictor in the pulmonary circuit, and it 
has been postulated that there may be degeneration of platelets that is related to the high turbulent 
flow through the defect and the main pulmonary arteries and that causes the release of this vaso- 
constrictor agent. This suggestion was offered years ago to explain the pulmonary constriction 
thought possibly by Comroe et a/. (1953) to occur with pulmonary embolism, and last year it was 
discussed by Rudolph and Paul (1957) in relation to intracardiac defects. This must remain onlya 
theory and is not helpful in explaining why certain patients become the subjects of the complicating 
pulmonary vascular disease and the majority do not. While I know of no exceptions to the generali- 
zation that it is only in those subjects with a high pulmonary flow in atrial septal defect that 
pulmonary hypertension may develop, it is of more than casual interest that one cannot predict the 
exact size of the atrial septal defect with any accuracy prior to surgical repair. Some patients 
may have pulmonary hypertension when the atrial septal defect is relatively small, for instance 
2-5 cm. in diameter, and it is a curious coincidence perhaps that we have seen a series of patients with 
severe pulmonary hypertension who had that type of rather small atrial septal defect located in the 
superior part of the atrial septum just below the opening of the superior vena cava. If this experi- 
ence is more than coincidence, we can offer no explanation for a causal relationship. 

While undoubtedly many patients with atrial septal defect maintain high pulmonary blood flows 
into late adult life without clinical evidence of significant pulmonary vascular obstruction, we have 
had an enlarging experience with patients who have been followed for 5 to 10 years in whom there 
has been progressive increase in pulmonary resistance and in some of whom there has been eventual 
reversing of the shunt. We have also had the opportunity of studying some patients in whom for 
some reason an accelerated change in vascular resistance and pulmonary hypertension and a reduc- 
tion of pulmonary flow have taken place in an interval of one to two years. 


POSSIBILITIES OF REGRESSION IN PULMONARY HYPERTENSION 
AND PULMONARY VASCULAR CHANGES 


The data concerning regression of the abnormal hemodynamic patterns in the lung when such 
are associated with a large ventricular septal defect or a patent ductus are quite scanty. In regard 
to patent ductus, for which operations have been performed for many years, the most extensive 
follow-up to my knowledge has been at Mexico City where Limon-Lason (1958) has collected data 
that would indicate that there is little regression in pulmonary vascular resistance. When adult 
patients are considered, this would coincide with our more limited experience. Our longest follow- 
up is on a patient who was operated on in 1950, at which time the pressure in the pulmonary artery 
was equivalent to the aortic pressure and there was a left-to-right shunt of only 30 per cent. Fol- 
lowing operation the patient’s physical status markedly improved and he has been able to be gainfully 
occupied over the past 8 years. Post-operative catheterization at a year and at 74 years after 
operation showed a cardiac output of 3-1 litres a minute, a moderate pulmonary hypertension, and 
moderately high values for pulmonary vascular resistance. Several children have shown some 
evidence of regression and one adult rather good evidence of regression of the pulmonary vascular 
resistance since the report from the clinic of Silver et al. (1954). 

When patients with a ventricular septal defect are operated on, it is found that the pulmonary 
pressure, particularly the diastolic level, is somewhat lower than the pressure observed at cardiac 








cathe 
repai 
usua 
doub 


years 
a res 
potel 

T 
tensi 
pulm 
oper 
oper: 
bloo 
closu 
exple 
tend 
lung: 
vasct 
vasci 
there 
press 
pulrr 

V 
of ve 
mon 
regal 
“the 
lung 
two) 
pres: 

T 
hype 
mon 

N 
refer 
Dire 
gical 
indir 
cardi 
exist 
surgi 
are ¢ 
adeq 
be p 


betw 
the 1 
exple 
havi 


with 
m to 
1 the 
early 
O the 
ophy 
nary 
1 the 
Lown 
nd it 
ulent 
/aso- 
ction 
_ Was 
nly a 
ating 
Srali- 
that 
t the 
ients 
ance 
with 
n the 
peri- 


lows 
have 
there 
ntual 
n for 
>duc- 


such 
gard 
nsive 
data 
adult 
llow- 
irtery 

Fol- 
fully 
after 
, and 
some 
cular 


ynary 
rdiac 











PULMONARY HYPERTENSION IN CONGENITAL HEART DISEASE 261 


catheterization before operation. In addition, the left atrial pressures may be quite high before the 
repair is commenced. Following the repair and a return of the heart to the circulation, there is 
usually a drop in pulmonary arterial pressure if there has been a prior left-to-right shunt, but it is 
doubtful if this post-operative drop will necessarily predict what will happen over the next few 
years. However, if the pressure does not drop, one can expect a small chance of survival, or at best 
a resistant pulmonary hypertension that probably will be clinically significant and a regression 
potential that probably is a scant one. 

The results of repair of atrial septal defects when associated with moderate pulmonary hyper- 
tension have been excellent in our clinic, and in my opinion the response of the pressure in the 
pulmonary artery to the breathing of 100 per cent oxygen may give a clue as to whether the post- 
operative period will be smooth and uneventful or the reverse. Perhaps it is needless to say that 
operations are performed only on patients with a left-to-right shunt and some increase in pulmonary 
blood flow. It is of interest that in an occasional patient the hemodynamic calculations following 
closure of the defect may show an increase in pulmonary vascular resistance. The suggested 
explanation is that the pulmonary hypertension has kept the pulmonary vasculature slightly dis- 
tended, the assumption being made that there is still compliance in the “‘resistance vessels”’ in the 
lungs. Late post-operative studies on patients with atrial septal defect indicate that the pulmonary 
vascular system appears to be changing very slowly, if at all. Persistence of the increased pulmonary 
vascular resistance is often clearly demonstrated only if the patient is exercised; in such instances 
there are two types of response—the type in which the pulmonary flow and the mean pulmonary 
pressure have the same percentage increment, and the type in which the percentage increase in the 
pulmonary pressure was much more than the pulmonary flow. 

While there is enthusiasm about the clinical and limited hemodynamic results in surgical cure 
of ventricular or atrial septal defects when associated with severe pulmonary hypertension and pul- 
monary vascular changes, it seems premature to predict return to complete normality. In this 
regard it is encouraging to the clinician and surgeon to read the statement of Lillehei (1958) that 
“the majority of children that have advanced pulmonary arteriolar intimal proliferation, proved by 
lung biopsy, have had normal or near normal pulmonary artery pressures when recatheterized one to 
two years after successful closure of their ventricular septal defects,’ but he does not give data on 
pressure and flow on which to evaluate critically the regression in resistance. 

The experimental work of Ferguson (1958) wherein aortopulmonary shunts and pulmonary 
hypertension have been produced in animals, and later the shunt has been removed and the pul- 
monary artery reconstituted, shows that regression of the pulmonary vascular lesions occurs. 

No discussion of anatomical regressive change in the pulmonary circuit would be complete without 
reference to an important integral part of the circuit, namely the right ventricular mass or thickness. 
Direct observations on expected involutionary changes in the right ventricular wall following sur- 
gical cure of ventricular septal defect are obviously unavailable as yet and one is dependent upon 
indirect evidence, primarily the electrocardiogram. The interpretation of post-operative electro- 
cardiographic changes are fraught with difficulty because of variations in intraventricular conduction 
existing before and persisting after operation, and because of the fact that not infrequently in the 
surgical procedure right bundle-branch block may be produced. Suffice it to say that records 
are accumulating to indicate that regression of the right ventricular hypertrophy occurs, but no 
adequate correlation of post-operative electrocardiographic findings and hemodynamic data can yet 
be presented. 


SUMMARY 


The problem of pulmonary hypertension occurring in the presence of free communication 
between the systemic and pulmonary circuits remains a challenging one with every indication that in 
the next few years exciting observations will be forthcoming to explain phenomena so far un- 
explained. The pulmonary hypertension occurring with atrial septal defect must be regarded as 
having a different genesis and pattern than that occurring with a large ventricular septal defect. In 
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the former it is an acquired complication, in the latter an integral part of the hemodynamic state 
allowing survival, but at the cost of an increased cardiac load. Over the past ten years the con- 
fidence of investigators regarding a good correlation between the fine anatomy of the pulmonary 
vasculature and calculations of pulmonary resistance has varied, but the relationship is being more 
firmly established with emphasis on the varied qualitative as well as the quantitative aberrations in 
the pulmonary vasculature in the presence of pulmonary hypertension. Patients may be predicted 
to have nearly identical pressures in the “lesser” and “‘greater’’ circulations in the presence of a 
ventricular defect, when the size of the orifice exceeds 1 Sq. cm. per sq. m. of body area. Such 
patients distribute the stroke volumes of the two ventricles in relation to the resistance in the pul- 
monary and systemic vascular beds. While evidence seems conclusive that the limitation of 
pulmonary flow by a high pulmonary vascular resistance may be necessary for survival in the neo- 
natal period, the physiological process usually is supplanted by a pathological one, the pulmonary 
small arteries and the arterioles developing a diseased state with, in some instances, an apparently 
irreversible vascular obstruction. 

A corollary to these concepts is that the amount of shunting across the defect is related to the 
respective resistances of the two circuits. It is evident that these resistances may operate reciprocally 
(and perhaps independently): the situations wherein such reciprocal changes may be regarded as 
established are exercise and the breathing of varied percentages of oxygen. The mechanisms 
underlying these effects are not known. While a teleological explanation such as that offered by 
Scebat whereby the shunt is regulated by the need of the tissues for oxygen is interesting, there is no 
clue to my knowledge as to what the mythical somatic substance might be. It is of interest that the 
concept does fit most of the observed facts regarding the changes in the central shunt and in pul- 
monary vascular resistance under both the condition of exercise and the conditions of breathing 100 
per cent oxygen and low percentages of oxygen. 

The hemodynamic and structural regression to normal in the patient with pulmonary hyper- 
tension related to an intracardiac shunt, following repair of the defect, may be slow and incomplete 
even after some years. Clinically, one may emphasize that results of surgical repair of intracardiac 
defects may be most satisfactory and gratifying even when a persistent hemodynamic fault, that is, 
an increased pulmonary vascular resistance, may be demonstrated with data obtained by cardiac 
catheterization. However, it is reasonable to expect the brilliant long-term results to be in those 
patients with a high pulmonary flow and normal or only moderately raised pulmonary resistance. 
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Brink (1951) first described inversion of the T wave in the precordial leads in apparently healthy 
Africans. Littmann (1946) had described similar changes found occasionally in healthy adult 
American Negroes, in whom Goldman (1953) later described S-T segment elevation in the left 
precordial izads. Grusin (1954) showed that many African medical patients with or without heart 
disease had electrocardiograms that are abnormal by accepted standards and fluctuate spontaneously: 
they could be arbitrarily classified into three patterns. 

The following survey was undertaken to ascertain whether similar changes were found in the 
Natal African. 


MATERIAL AND METHODS 


Three groups were investigated. Group /] consisted of 109 consecutive African male medical 
admissions. Nine of these were removed from the series because they had clinical evidence of 
heart disease. 

Group 2 consisted of 100 consecutive African male patients admitted with proven ameebic 
dysentery. without co-existing disease: those treated with emetine were excluded. 

Group 3 consisted of 50 African male nursing staff. They underwent full medical examination 
and were known to have had an adequate European type of diet for not less than three years. 

Electrocardiograms were recorded initially in all cases, and were repeated in all those in Group 
2 following treatment, the period in hospital being from 10 to 27 days. Emetine was not used in any 
of them. In many cases found to have abnormal electrocardiograms the effect of exercise and 
respiration was determined. In other instances serial records were taken. In many cases the 
heart was screened, and radiographs taken. 

In Group 2 the hemoglobin, white cell count, erythrocyte sedimentation rate, liver function 
tests, and serum proteins (by chemical fractionation and paper electrophoresis) were estimated on 
admission and following treatment. Identical investigations were performed on the subjects of 
Group 3. In addition the serum electrolytes were estimated on the cases in Group 2 on admission 
and following treatment. In ten instances liver biopsies were performed. 


RESULTS 


Abnormal findings were classified according to Grusin’s (1954) criteria, although his Pattern 3, 
consisting of round or flat T waves in the precordial leads was not accepted. Such patterns do 
occur in a few cases, but the criteria for these T wave abnormalities are not well defined. 

Pattern 1. Inverted T waves in the precordial leads, these being deeply inverted with the S-T 
segment bowed upwards, the whole deflection being asymmetrical with a longer distal limb and 
ending in a rounded hump before settling on the isoelectric line. 

Pattern 2. S—T segment elevation and tall T waves in the precordial leads, these consisting of a 
slowly rising ascending limb and a sharply falling distal limb ending in a U wave. 

Pattern 1 and2. This is a combination of Pattern | and Pattern 2. 
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Fic. 1.—{A) African man, aged 30, with ameebic dysentery. Typical electrocardiographic Pattern 1 over 
right ventricular surface leads. (B) Healthy African man, aged 28. Typical electrocardiographic Pattern 
2 over left ventricular surface leads. 


Of the 63 patients in Group 2 with normal patterns on admission, 58 remained normal, 4 
developed Pattern 1, and 1 developed Pattern 2 after being in hospital. Of the 23 with Pattern | 
on admission, 10 continued to show this pattern, 10 became normal, 2 developed Pattern 2, and | 
developed Pattern | and2. Of the 10 with Pattern 2 on admission, 8 continued to show this pattern 
and 2 became normal. Of the 4 with Pattern 1 and 2 on admission, 1 continued to show this 
pattern, 1 became normal, and 2 developed Pattern 2. 

The finding that Pattern 1 occurs predominantly over the right ventricular surface leads, and 
Pattern 2 over the left ventricular surface leads is similar to that of Grusin (1954). Table III indi- 
cates that these changes are not limited to the younger age groups. 

Effect of Exercise and Respiration. When the T waves were deeply inverted, exertion tended to 
reduce the amount of inversion, and when it was initially shallow, exercise frequently caused it to 
become upright. In subjects with Pattern 2 changes, exercise invariably reduced the S-T segment 


TABLE I 
COMPARATIVE INCIDENCE OF ABNORMAL PATTERNS IN THREE GROUPS OF AFRICANS AND IN GRUSIN’S SUBJECTS 
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Fic. 2.—African man, aged 36, with ameebic dysentery. (A) Electrocardiographic Pattern 1 on admission. 
(B) Normal electrocardiogram on discharge 18 days later. 


TABLE II 
DISTRIBUTION OF ABNORMAL PATTERNS OVER THE VENTRICULAR LEADS 











| Over right ventricle | Over left ventricle Over both ventricles 


| 
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Group 1 | Group 2 | Group 3| Group 1 | Group 2 | Group 3 | Group 1 | Group 2 | Group 3 
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* The figures in brackets give the number on discharge, the first figures being the number on admission. 


elevation to accepted normal levels. Deep inspiration had a similar, but somewhat smaller, effect 
than exercise. These effects are identical with those observed by Grusin (1954). 

Other Data. No correlation could be found between the electrocardiographic patterns and the 
serum electrolytes, hematology, liver function tests, and liver biopsy. In all instances radiographs 
and screening of the heart were normal. 


DISCUSSION 


This work is largely a repetition of Grusin’s (1954), and the results are in accord with his observa- 
tions that these electrocardiographic changes usually fall into one of two patterns. There is a 
similar incidence of Pattern 1 in the consecutive medical admissions, but in my series the proportion 
with Pattern 2 is much smaller, and conversely in the African male nursing staff, although there is a 
similar percentage of abnormal patterns, they are nearly all Pattern 2 in my subjects. In a study of 
apparently healthy Africans, Brink (1956) found Pattern | in only a small proportion while Pattern 2 
was common. Despite the S-T segment elevation, he emphasized that the shape of the segment is 
always normal. It seems clear that in the cases of ameebic dysentry (Group 2) there is a greater 
tendency for Pattern 1 to become normal after treatment in hospital than there is for Pattern 2. 
In no instance did a subject with Pattern 2 subsequently develop Pattern 1. It is possible that these 
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Fic. 3.—African man, aged 75, no heart disease. (A) Electrocardiographic Pattern 1 on admission. (B) Pattern 
less marked 9 days later. (C) Electrocardiogram taken immediately after exercise, when the T waves have 
now become upright. 


patterns are due to unrelated causes, and it may be that Pattern 2 is a normal variant, particularly 
as it is more common in our healthy, well-nourished Africans. 

These S-T segment and T wave changes simulate those found in organic heart disease, but 
neither Grusin (1954) nor myself have found any abnormalities at autopsy. Clinical and pathologi- 
cal evidence of heart disease due to coronary ischemia is rare in the African, particularly in the age 




















TABLE III 
AGE DISTRIBUTION AND CARDIOGRAPHIC FINDINGS IN AFRICANS 
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groups in which these cardiographic changes are most commonly seen (Becker, 1946; Higginson 
et al., 1952; and Wainwright, 1958). 

In view of the frequency of cardiomyopathies of obscure etiology and widespread malnutrition 
in the African, it is tempting to ascribe these changes to similar factors, but we have few grounds for 
such an assumption. Gillanders (1951) describing 20 African patients with cardiomyopathies noted 
that the commonest electrocardiographic abnormality was a curve of subepicardial injury, which 
became normal in usually not less than ten weeks. Becker et al. (1953) also found depressed S-T 
segments and flat or inverted T waves to be common in their cases of cardiomyopathy. These 
changes are similar to our Pattern 1, and it is therefore possible that their occurrence in cardiomyo- 
pathy is coincidental. Ball et a/. (1954) do not report this pattern in their cases of cardiomyopathy 
occurring in Uganda. It is true that subendocardial fibrosis and myocardial fibrosis of unknown 
etiology is found in a small proportion of Africans who come to autopsy without clinical heart 
disease, but the incidence is far too slight to account for these common and widespread electro- 
cardiographic patterns (Wainwright, 1958). 

In view of the frequency of siderosis and cirrhosis of the liver in the South African Bantu it has 
been suggested that siderosis of the myocardium might be responsible for these changes and also 
for the development of myocardiopathies. Wainwright (1958) therefore investigated the incidence 
of siderosis of the liver and myocardium in 50 consecutive African necropsies over the age of 25 years 
and found that, whereas 34 cases showed siderosis of the liver, only 3 had diffuse siderosis of the 
myocardium, while 4 others had occasional siderotic myocardial fibres. The three cases with diffuse 
siderosis of the myocardium all had severe siderosis and cirrhosis of the liver. Necropsies were also 
performed on 30 Africans who died in congestive cardiac failure, the group comprising 10 cases each 
of hypertension, rheumatic valvular disease, and myocardiopathy of unknown etiology. Seven of 
the cases with hypertensive heart disease, 5 with rheumatic valvular disease, and 2 with myocardio- 
pathy of unknown etiology showed siderosis of the liver, but in no case was diffuse siderosis of the 
myocardium found. Higginson ef al. (1952) have also noted the absence of siderosis of the myo- 
cardium in their cases of myocardiopathy. It would therefore appear that siderosis of the myocar- 
dium cannot be a factor in producing these electrocardiographic changes. 

The striking feature in both Grusin’s (1954) and this series is the day to day variation in these 
patterns and the effect of exercise and deep respiration on them. This lability renders an organic 
change most unlikely and points to a functional cause. Pattern | is similar to the so-called Juvenile 
Pattern. The extent of these changes, its presence in all age groups of Africans, and the fact that it 
tends to disappear after being in hospital makes Littman’s (1946) hypothesis, that in the American 
Negro Pattern 1 is due to an infantile bodily habitus, unlikely. Goldberger (1953) favours a relative 
potassium deficiency to account for this pattern. Although I have been unable to correlate the 
serum electrolytes with these changes in my cases, this by no means rules out changes in the myo- 
cardial electrolyte concentration as a factor. Drummond (1957), reviewing the genesis of the S-T 
segment and T wave, has emphasized that their form depends on a primarily viochemical return to 
normal in the myocardial cell. Grusin (1954) suggested that liver disease may in some way be re- 
sponsible for a metabolic factor producing these cardiographic changes. However, if this were so 
there ought to be a higher incidence of such changes in patients with clinical liver disease, and one 
would expect the changes to become more pronounced in the older age groups. I have been unable 
to correlate clinical, biochemical, or liver biopsy evidence of liver disease with these patterns. In 
the absence of positive evidence the most reasonable explanation of the S-T segment and T wave 
changes in the African is a biochemical change in the myocardial cell due to unknown factors. 


SUMMARY 


Electrocardiograms with bizarre S-T segment and T wave changes, which could be classified 
according to Grusin’s criteria, were found in 39 per cent of 100 medical non-cardiac African patients, 
in 22 per cent of African male nursing staff, and in 37 per cent of 100 African male cases of ameebic 
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dysentry. Following treatment 29 per cent of the cases with ameebic dysentery still showed these 
changes. 

It is suggested that the two main patterns are due to unrelated causes. The etiology of these 
changes is discussed. 
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Thompson, the Scottish physician who did so much for the advancement of the study of children’s 
diseases, first described the condition of gargoylism in 1900. His cases were not published until 
much later (Henderson and Ellis, 1940) and the first recorded description was by Hunter in 1917. 
Two years later Gertrude Hurler gave an account that appeared in America as Hurler’s syndrome. 
Later Ellis et al. (1936) described further examples and gave it the name of gargoylism 
because of the particularly ugly appearance of the well-marked case. Other names for the condition, 
such as dysostosis multiplex and lipochondrodystrophy have no special extra advantage, the 
latter being possibly misleading as it is controversial whether it should be regarded any longer as a 
disorder of lipoid metabolism. The term gargoylism, though picturesque and memorable, is rather 
a wounding one, especially when applied to the formes frustes which show a more normal 
appearance. It is hoped that in the future the condition will more and more be referred to as 
Hunter’s polydystrophy. 

The disease has a genetic origin and two distinct types have been described, one due to a single 
autosomal recessive gene, the other occurring in males only without corneal involvement and due 
to a sex-linked recessive gene. The condition is also closely related to other similar dystrophic 
diseases, achondroplasia with its short limbs, and Morquio’s disease with its severe stunting and 
deformed chest and normal intelligence. 

At one time thought to be a lipoidosis, it is now (Dawson, 1954) considered to be a disturbance 
of polysaccharide or mucopolysaccharide metabolism, the bony changes being dystrophic and 
secondary to the metabolic derangement. 

In the severe case it is easy to see how the term gargoylism became attached. The child is 
mentally deficient and ugly, the head large, the ears set low, the nasal bridge depressed, and the 
face generally having a flat appearance. The superciliary ridges are prominent and the eyebrows 
heavy. The lips are thick and the teeth widely spaced. A chronic rhinorrhoea adds to the facial 
disfigurement. A “trident” hand such as that described in achondroplasia may be present. Bony 
changes in the trunk lead to a short neck, dorso-lumbar kyphosis, and a flared thoracic border. 
Restriction of extension of the elbows and knees may be present, and genu valgum is the rule. The 
liver and spleen may be enlarged. 

The dystrophic bone changes are best seen radiologically in the spine. The first or second 
lumbar vertebra is deformed due to hypoplasia of the anterior portion of the body giving a striking 
“hooked” or “‘beaked” appearance in an X-ray film. In the hips similar dystrophic changes are 
usually present. Similar changes to these are also seen in achondroplasia, Morquio’s disease, and 
cretinism. 

The ophthalmic disorders in Hunter’s polydystrophy are pathognomonic. The cornee are 
opaque though this may not be obvious to the naked eye. When viewed through the slit-lamp 


yellowish-white deposits are seen in the middle and deeper layers. These changes may not be 
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present during the first year or two of life and, as already mentioned, in the type of Hunter’s poly. 
dystrophy associated with a sex-linked recessive gene, the changes in the cornee may be absent. 

Cardiovascular abnormalities of a degenerative nature have only come into prominence in quite 
recent times though 85 per cent of necropsies on cases of Hunter’s polydystrophy have shown such 
changes. Emanuel (1954) described necropsies on patients who had murmurs and cardiographic 
abnormalities during life. All four valves (though more usually only the aortic and pulmonary) 
showed thickening and rigidity of the cusps, due to dense poorly-cellular fibrous tissue, and hyaline 
degeneration with gelatinous nodules. The coronary arteries were abnormal, standing out as 
thickened white cords due to nodular thickening, and histologically showing subintimal fibrosis 
causing narrowing of the lumen. Craig (1954) described similar changes in the mitral valve, 
myocardium, and coronary vessels, and in one case typical anginal attacks for two years before 
death. 

Formes frustes have also been described in which only some of the features mentioned have been 
present; for example, there may be an absence of the typical ugly appearance and an absence of 
mental deficiency. The present three cases fall into this group. In a search through previously 
published reports I have been unable to find instances of formes frustes with cardiac lesions but a 
relatively normal appearance and normal mentality. 


CASE REPORTS 


The three patients, T.C., M.C., and G.C., who form the family presented here are three 
boys, twins now aged 84 years old and a boy aged 7 vears. The first child, T.C., one of the twins, 
was referred to me by Dr. Euphan Maxwell in March, 1954, because the school medical officer 
thought his vision was slightly defective. This proved to be due to slight astigmatism and the 
dystrophic changes would have been missed, had not Dr. Maxwell, when the pupils were dilated for 
retinoscopy, noted slight haziness of both cornee and a greater rise of tension in the eyes than would 
be usual, causing her to make a closer examination with the slit-lamp. He was subsequently referred 
to me at the National Children’s Hospital, Dublin. The other children were then investigated. 
There were no other cases in the family history. All three children presented the typical ocular 
features of Hunter’s polydystrophy. This was confirmed by a number of ophthalmologists, 
including Arnold Sorsby, when the cases were shown at the Irish Ophthalmological Society's 
annual meeting in 1955. 

On general physical examination (Fig. 1) all three children have in slight degree a number of the 
features of Hunter’s polydystrophy: the big heads, the depressed nasal bridges, the ears set low, the 
rather flat faces, the flared thoracic borders, and the genu valgum. G.C. also showed a tendency 
to a “trident” hand such as one sees in achondroplasia. The livers and spleens were not enlarged. 

On radiological examination all three showed conspicuous chondro-dystrophic changes best seen 
in the spines where the typical deformity of the anterior portion of the second lumbar spine with 
the characteristic “hooked” or “‘beaked”’ effect was found (Fig. 2). The hip-joints also showed 
irregular mineralization, flattening of the epiphyses of the femoral heads, and shallow acetabule 
(Fig. 3). The pituitary fosse were normal. 

Examination of the heart disclosed in each child abnormalities that had not previously been 
observed. In T.C. there were systolic and diastolic murmurs at the apex, and a systolic murmur at 
the aortic area; in M.C. a presystolic murmur at the apex, and a systolic murmur in the aortic area; 
and in G.C. a loud apical systolic murmur conducted to the axilla, and a systolic murmur in the 
aortic area. These are shown in the phonocardiograms (Fig. 4, 5, 6, and 7). 

Radiologically the hearts were within normal limits, except that G.C.’s suggested slight generalized 
enlargement. The three electrocardiograms and sphygmograms were within normal limits. The 
rest of the physical examination, including that of the nervous system, gave normal results in each 
instance. 

The blood biochemistry has been normal in all three cases. This included the blood proteins 
(both quantitatively and by electrophoresis, chromatograms showing normal albumin, alpha;, 
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Fic. 1.—Hunter’s polydystrophy (formes frustes) T.C., M.C., and G.C., showing 
the big heads, the depressed nasal bridges, the ears set low, the rather flat 
faces, the flared thoracic borders, and the ganu valgum. 


alpha,, beta, and gamma globulin ratios) blood urea, calcium, phosphorus, and cholesterol. Latest 
cholesterol figures give rather high normal figures. Hematological and urinary findings were normal. 
The blood pressures were normal. The most recent heights are 4 ft. 1 inch, 4 ft. 0 inch, and 3ft. 
10 inches: these figures are average for their ages. The children are quite normal from the mental 
point of view, the twins having intelligence quotients of 113 and 101 and the youngest child an 
exceptionally good 1.Q. of 134. 


DIFFERENTIAL DIAGNOSIS 


The presence of lesions in the cornee absolutely pathognomonic of Hunter’s polydystrophy 
would make any differential diagnosis seem superfluous. Achondroplasia, which can be associated 
with cardiac lesions and chondrodystrophy, has on the other hand the typical short limbs and no 
corneal lesions. Morquio’s disease with its severe stunting and deformities of the chest and normal 
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Fic. 2.—Hunter’s polydystrophy (formes 
frustes), showing chondro-dystrophic 
changes in the lumbar spines and typical 
‘**hooked” or “‘beaked”’ deformity in the 
anterior portion of the 2nd lumbar spine. 
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Fic. 3.—Hunter’s polydystrophy (formes frustes), showing 
chondro-dystrophic changes in the hip-joints with irregular 
mineralization, flattening of the epiphyses of the femoral 
heads, and shallow acetabula. 


























Fic. 4.—Hunter’s polydystrophy (formes frustes) T.C. 


phonocardiogram, 
diastolic murmurs. 


showing apical systolic and 
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Fic. 5.—Hunter’s polydystrophy (formes 
frustes) M.C. phonocardiogram, show- 
ing apical presystolic murmur. 








FIG. 


inte 
con 
abn 
inc 
Cor 
acq) 
expr 
and 
Fan 
crib 
lesic 


Wil 
seer 
of ( 
that 
obv 
mui 
onh 
hor 


mis 
juve 
eve 
mo 
aty) 
sho 











wing 
gular 
noral 


ormes 
show- 


HUNTER’S POLYDYSTROPH Y 


stl 


Eecatial 
ea CS guerre te ~- 
al poe a wh mites Fomemaill 


Fic. 6.—Hunter’s polydystrophy (formes frustes) M.C. 
phonocardiogram, showing aortic systolic mur- 
mur. 
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Fic. 7.—Hunter’s polydystrophy (formes frustes) G.C. 
phonocardiogram, showing apical systolic mur- 
mur. 


































intelligence also shows chondrodystrophy, but cardiac lesions have not been described in this 
condition, and corneal lesions do not occur. Cretinism also shows chondro-dystrophy and cardiac 
abnormality, but the latter is quite different from that of Hunter’s polydystrophy, and in addition 
in cretinism there are the characteristic biochemical changes in the blood but no corneal lesions. 
Congenital syphilis presents a totally different picture, and this infection does not often cause 
acquired cardiac disease in childhood. The lesions in the eyes are entirely different, and one would 
expect the W.R. and Kahn to be positive and not negative as in these three children. Cystinosis 
and Turner’s syndrome have their characteristic features. While idiopathic hypercalcemia, the 
Fanconi syndrome, and fibro-elastosis are associated with heart disease, they have not been des- 
cribed in association with the chondrodystrophy of Hunter’s polydystrophy nor with the corneal 
lesions. 


PROGNOSIS AND TREATMENT 


The prognosis in these cases is precarious but not hopeless. From the point of view of the eyes, 
Wilfrid Sheldon (personal communication) considers that the corneal lesion, which is not usually 
seen until one to two years old, need not necessarily progress to serious defective vision, and in one 
of Craig’s cases the eye lesions seemed to become static. There is therefore some reason to hope 
that the cardiac lesions might behave in a similar way. Over several years, there has been no 
obvious deterioration radiologically or electrocardiographically. On the other hand, the presystolic 
murmur in the case of M.C. was less audible then, and G.C.’s mitral systolic murmur which was then 
only audible in the mid-axilla can now be heard as far as the scapular line. Nevertheless, it is 
hoped that a spontaneous remission is still possible. 

For these patients treatment can only be symptomatic. 


DISCUSSION AND CONCLUSIONS 


Though the gross case of Hunter’s polydystrophy should be unmistakable, there is a danger of 
mistaking the cardiac features of these formes frustes for some other cardiac disease, for example, 
juvenile rheumatism, and in consequence long and unnecessary treatments may be prescribed. It is 
even possible, as Sorsby suggested (personal communication), that the formes frustes may be the 
more common, and the grosser type the rarer condition. Even if this is not so, any patient with an 
atypical cardiopathy, especially if any of the minor stigmata of Hunter’s polydystrophy are suggested, 
should have the spine X-rayed for chondro-dystrophy. If the diagnosis remains doubtful the 
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opinion of an ophthalmologist should be obtained. In the sex-linked recessive form, in which 
corneal lesions are said to be absent, the diagnosis would have to be made by the clinical features 
and the exclusion of the other causes of chondro-dystrophy. 

While attention has been drawn to the danger of mistaking the cardiac lesions in these formes 
frustes of Hunter’s polydystrophy for other cardiac conditions, it must be remembered that these 
cases may also help to distinguish and show the relationship between the dystrophic genetic 
disorders and the biochemical syndromes that have been described so frequently of late, in 
particular the “severe type of idiopathic hypercalcemia”. It is admitted that Hunter’s polydys- 
trophy, Morquio’s disease, and achondroplasia are near relatives. Again, various authors, for 
example Schlesinger et a/. (1952, 1956), and Lowe et al. (1954), describing the severe type of 
idiopathic hypercalcemia have referred to an unusual facies with low-set ears (‘“‘elfin” appear- 
ance) resembling the “affronted incredulous expressions of Pekinese dogs”. This description is 
reminiscent of the facies of Hunter’s polydystrophy and cases of idiopathic hypercalcemia have 
also been associated with cardiac lesions. Furthermore, it was suggested (Fanconi et al., 1952) 
that “inherited congenital anomalies” might explain the latter syndrome. The combinations of 
clinical features in some of these syndromes may be likened to variations of the same theme played 
on different instruments. Though the three children described here had normal levels of blood 
calcium it remains possible that these may at times be higher than normal. The spontaneous 
recovery in certain cases of idiopathic hypercalcemia might then be explained by the genetic defect 
righting itself as the infantile kidney matures. Further research into these disorders is needed, in 
conjunction with critical appraisal of earlier publications. 


SUMMARY 


A description is given of a family containing three children afflicted with Hunter’s polydystrophy 
(gargoylism) and with cardiac lesions, although they were normal mentally, and did not show the 
typical ugly appearance (formes frustes). 

The diagnosis can be made by noting minor stigmata of the condition, by radiological examina- 
tion of the lumbar spine for the characteristic chondro-dystrophy, and by expert examination of the 
eyes for the typical changes in the cornee. The latter may only be visible under the slit-lamp. 

The importance of not mistaking the cardiac lesions for those of some other cardiac condition, 
especially juvenile rheumatism, is stressed. 

It is suggested that cases such as these may constitute a link between certain genetic dystrophic 
disorders, for example, Hunter’s polydystrophy and achondroplasia which are accepted as closely 
related to each other and in which cardiac lesions have been described, and other recently described 
syndromes, especially the “severe type of idiopathic hypercalcemia” where a somewhat similar 
facies to that seen in Hunter’s polydystrophy has been noted, and where cardiac lesions have also 
been described. 
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The striking difference in the incidence of atherosclerosis in men and women has drawn atten- 
tion to the possible protective value of cestrogens (Katz and Stamler, 1953). A good degree of 
protection against coronary atheroma in cholesterol-fed chickens can be given by endogenous 
estrogen in physiological proportions (Pick et al., 1953) as well as by administered cestradiol ben- 
zoate (Pick et al., 1952 aandb). In contrast, cestradiol benzoate is ineffectual against aortic lesions. 
Mixed conjugated oestrogens (premarin) and parenteral diethyl-stilbcestrol resemble cestradiol in 
their ability to inhibit coronary lesions (Stamler ef a/., 1953). 

The feminizing effect of cestrogens is an obvious deterrent to their use in the treatment of human 
atherosclerosis and attempts have been made to obviate this difficulty by using structurally-related 
substances of low potency. Stamler et al. reported a lack of success. Recently, Cook et al. (1958) 
described lipid-depressing effects with a newer steroid of weak cestrogenicity. The work described 
here concerns methoxy bisdehydro-doisynolic acid-7-benzoate (MDDA). 


MATERIALS AND METHODS 


The experiment was similar to that devised by Pick et al. (1952 b). Seventy-two Golden Legbar 
x Light Sussex cockerels, a breed previously tested for susceptibility to experimental atheroma, 
were obtained at the age of eight weeks from the West of Scotland Agricultural College Poultry 
School. After placing in individual cages, the birds were fed ad /ibitum on the particular diet for 
eight weeks, with the exception of one group killed at five weeks to prove the establishment of lesions 
prior to treatment. The daily food intake was estimated once a week from the fifth week onwards 
(Table I) and the birds were weighed on the first, fifth, and eighth weeks (Fig. 1). 

The normal and treated control groups (1 and 2) received commercial chick mash, others being 
given chick mash into which was incorporated 2 per cent cholesterol and 5 per cent cottonseed oil 
by means of a food mixer. The experiment included the following groups of twelve birds. 


(1) Normal diet only. 

(2) Normal diet with 5 mg. MDDA intramuscularly daily, during 6th to 8th weeks inclusive. 
(3) Cholesterol diet only. 

(4) Cholesterol diet with 1 mg. MDDA intramuscularly daily during 6th to 8th weeks inclusive. 
(5) Cholesterol diet with 5 mg. MDDA intramuscularly daily, during 6th to 8th weeks inclusive. 
(6) Cholesterol diet: killed after five weeks. 


At autopsy the heart, brachiocephalic arteries, aorta, and first part of the iliac arteries were 
examined microscopically for atheroma, and any lesions classified in slight, moderate, and severe 
grades. Slight implies focal lesions up to about 2 mm. in diameter, white or cream-coloured, 
accompanied by minimal thickening of the intima. Moderate implies plaques up to about 5 mm. 
in diameter, cream to ivory-yellow in colour, with distinct intimal thickening and linear (“‘tree- 
trunk”) ridging. Severe implies larger plaques of cream to yellow colour merged into diffuse 
atheroma, with distinct thickening and ridging or distortion of the wall. 
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After fixation in 10 per cent formol sailine, three transverse slices were taken from the broadest 
part of the heart. One frozen section was prepared from each slice, stained by Sudan IV and 
hemalum, and a microscopical count of atheromatous coronary arteries carried out. Criteria for 
the presence of atheroma were intimal thickening or plaque formation. Sudanophilia of intima 
or media without structural change was regarded as a negative finding. 


TABLE I 
MEAN Foop INTAKE OF EACH GROUP 





Food intake g. per day 


Weeks Sth 6th 7th 8th 



























































Group! ..| 99 | 118 | 139 | 135 
Group2 .. 94 120 | 121 136 
Group 3 .. 98 106 115 12 
Group 4 .. 90 | 116 132 127 
Group5 .. 98 108 122 | 130 
G. 
ISOOF - 
= 
1000 -- 7 
— 
in 
500 F- 
a. 1]213]415 1]2,3]4]5 
O 5 8 
WEEKS 
Fic. 1.—Mean body-weight of each group, at the start, after five 


weeks, and after eight weeks. 


RESULTS 


Sexual Inhibition. Birds receiving MDDA showed a varying degree of inhibition of sexual 
development, as judged by gross examination. It was seen that in those on a regime of 5 mg. the 
testes were small and the comb and wattles undersized as compared with the normal group. Of 
the birds receiving 1 mg. MDDA daily, inhibition occurred in eight; the remaining four showed 
testes, comb, and wattles of normal size. 

Atheroma. (a) Aorta. The incidence of aortic lesions is presented in Table II. The cholesterol- 
induced lesions were more severe in the thoracic than in the abdominal aorta as noted by Dauber 
and Katz (1942). Indeed the abdominal lesions were absent from a majority of birds. The 
incidence of aortic lesions, however, was not affected by MDDA but was similar in the three groups 
receiving cholesterol. 
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EXPERIMENTAL ATHEROMA IN THE COCKEREL 


TABLE II 
THE INCIDENCE OF AORTIC ATHEROMA 











Vessel Degree of Group 
examined | atheroma 
2a3714) 5 
Severe 0o| of 6|3)| 6. 
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(b) Coronary arteries. Analysis of variance shows no significant difference in the incidence of 
atheroma in the birds fed with cholesterol. The results of the arterial counts are shown in Table III. 


TABLE III 
PERCENTAGE INCIDENCE OF CORONARY ARTERY LESIONS 











Mean Range 
Group3 .. 34:7 | 8-3-48-9 
Group4 .. 22:8 | 40-36:2 
Group5 .. |! 342 18-0-52:7 
DISCUSSION 


It appears that MDDA in daily doses of 1 or 5 mg. for three weeks has no effect on the incidence 
of aortic or coronary atheroma in chickens produced by a 2 per cent cholesterol diet over an eight- 
week period. Further, there was clear evidence that the drug, especially in the higher dosage, 
exerted considerable cestrogenic activity. 

Pick et al. (1952 b) demonstrated that in the cockerel cestradiol benzoate caused regression of 
established coronary lesions when given over the last five weeks of a thirteen-week period of choles- 
terol feeding. If this effect of cestradiol benzoate is a parallel function of its eestrogenicity, MDDA 
might have been expected to produce a similar trend, in view of the cestrogenic activity as judged 
by sexual inhibition in the present experiment. Its failure to do so suggests that cestrogenicity is 
not necessarily a measure of the effect against atheroma. A similar tentative conclusion on lipid 
effects and cestrogenic properties was reached in respect of the steroid tested by Cook et al. (1958). 


SUMMARY 


The effects of methoxy-bisdehydro-doisynolic acid-7-benzoate on atheroma induced by choles- 
terol in cockerels is described. When given in daily doses of 1 mg. and 5 mg. over the latter three 
weeks of an eight-week feeding experiment it had no significant effect on the incidence of aortic 
Or coronary artery atheroma. The significance of these findings is briefly discussed. 
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The pulmonary blood flow is usually at least three times the systemic flow in uncomplicated 
atrial septal defect. Even allowing for errors in the calculation of flow by the direct Fick principle 
in the presence of a small arterio-venous oxygen difference, the pulmonary flow may be over 20 
litres a minute. The increased pulmonary flow (measured in volume per unit of time, i.e. litres per 
minute) may reflect an increase in the circulating pulmonary blood volume or in the speed of flow 
or in both (McDonald et a/., 1958). The circulating pulmonary blood volume in atrial septal defect 
is considered to be much larger than normal: the present investigation was made to determine if 
the speed of flow was increased. 


METHOD 


Twenty-one patients with atrial septal defect, in whom the diagnosis was confirmed by cardiac 
catheterization, were studied by a dye-dilution technique, and compared with 19 patients who did 
not have intracardiac shunts. None had a left-to-right shunt either at ventricular or aortic level, 
and patients with significant valvar incompetence were excluded from both groups. The systemic 
flows in the patients without intracardiac shunts were comparable to those of the patients with 
atrial septal defect. The diagnoses in the patients without shunts were mitral stenosis, pulmonary 
stenosis, pericardial effusion, aortic stenosis, coarctation, and normality. Six patients were studied 
after surgical closure of atrial septal defect. Indigo-carmine, or T. 1824, was injected into the pul- 
monary artery and branches, and the initial passage of dye registered by an earpiece, that in- 
corporated barrier layer cells, and by a Honeywell Brown recorder (Norman, 1959). The time from 
the injection of dye to its appearance at the right ear (appearance time: Wood and Swan, 1954) 
was measured from the dye-dilution curves. 

Venous cardiac catheterization was performed by the usual technique, and systemic and pul- 
monary flows determined by the direct Fick principle. Arterial and mixed venous blood were 
sampled simultaneously, in the middle of a five-minute period of collecting expired air in a Douglas 
bag. Blood-gas analysis was by the Haldane method, and analysis of expired air by the micro- 
Scholander technique. Cardiac indices were obtained by dividing the cardiac output in litres/minute 
by the body surface area (obtained from a Dubois chart of height and weight) in square metres. 


RESULTS 


Of the 21 patients with atrial septal defect who were studied pre-operatively, 9 were male and 
12 female. Ages were from 13 to 48, with an average of 29 years. | Body surface areas were 1-27 
to 1-97 sq. m., and averaged 1-62 sq. m. Cardiac indices (systemic flow) were 1-4 to 4-4 with an 
average of 2-9 |./min./sq. m. The corresponding findings in the 19 patients without intracardiac 
shunts were: six male and 13 female; ages 12 to 57, average 32; body surface areas 1-27 to 1-95, 
average 1-57; cardiac indices 1-9 to 5-0, average 3-0. Of the patients studied after closure of atrial 
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(p<0-1). 
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septal defect two were men and four women; ages 23 to 47, average 33; body surface areas 1-50 to 
2-0, average 1-75; cardiac indices 2:2 to 3-8, average 2°8. 

Appearance times were significantly shorter in atrial septal defect than in patients without 
intracardiac shunts (Tables I and II and Fig. 1 and 2) after injection into the pulmonary trunk and 
into the right branch (p<0-001 in each instance). 


injection into the left branch of the pulmonary artery, the difference was not found to be significant 


In the number of observations available, after 
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Fic. 1.—Dye-dilution curve from patient without an intracardiac shunt, showing 
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Fic. 2.—Dye-dilution curve from patient with atrial septal defect, showing the short appearance 
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PULMONARY BLOOD FLOW IN ATRIAL SEPTAL DEFECT 


TABLE I 
PATIENTS WITH ATRIAL SEPTAL DEFECT 

































Patient Sex Age _ Body surface Cardiac index Appearance time (sec.) after injection 
area sq.m. 1./min./sq.m. into 
P.A. R.P.A. EPA. 

l M 30 1-82 40 6 5 6 

Ps M 22 1-80 44 6 6 6 

3 M 24 1-52 2:3 _ 6 ~ 

4 F 36 1-90 3-7 — 4 5 

5 F 43 1-45 2-4 — 6 4 

6 F 48 1-53 3-4 — — 5 

7 M 43 1-76 3-0 5 4 

8 F 25 1-50 3-9 : 5 . 

9 F 25 1-60 2:8 — . 5 
10 F 39 1:70 3-0 7 6 - 
11 - 16 1-50 3°3 6 6 _ 
12 F 43 1-27 2:3 6 6 - 
13 M 24 1:87 2:8 6 6 5 
14 M 19 1-70 2:6 8 7 — 
15 F 21 1-61 1:8 7 6 — 
16 M 19 1-62 2:3 9 7 7 
17 M 38 1-60 3-5 6 5 6 
18 F 13 1-50 3-4 o- 5 5 
19 F 28 1-45 2:6 6 6 6 
20 F 28 1:35 2:4 — 7 7 
21 M 30 1:97 1-4 - 5 

Mean 6°5 5:8 5-4 
TABLE II 
PATIENTS WITH NO SHUNT 
Patient Sex Age _ | Body surface Cardiac index Appearance time (sec.) after injection 
area sq.m. 1./min./sq.m. into 
P.A. R.P.A. L.PA. 

I F 48 1-66 3-4 9 -— 

2 F 19 1-60 2:8 — 8 7 

3 F 43 1-47 3-3 -- 7 - 

4 M 19 1-85 3-1 7 

5 M 42 1-90 2:6 9 8 

6 F 23 1-62 3-0 6 

7 F 53 1-40 3°5 8 -- — 

F 37 1-42 2:4 8 8 5 
F 38 1-65 1-9 10 8 9 
F 57 1-30 2:0 10 8 

F 32 1-95 1-9 10 - ~ 

M 20 1-82 5-0 — 6 

M 42 1-60 2:9 13 — 11 
F 33 1-54 2:6 8 8 

F 22 1-47 2:7 10 10 -— 
F 12 1:30 4-6 - 6 4 
M 12 1:27 3°5 - 6 

M 18 1-52 2°3 8 - 

F 31 1-47 33 10 - 

















282 McDONALD, EMANUEL, AND TOWERS 
After surgical closure of atrial septal defect the appearance times (Fig. 3), after injection into 
the pulmonary artery and into its right branch (Table III) were significantly longer than before 
closure (p<0-05 and p<0-01 respectively). Injections into the left branch of the pulmonary artery, 
after operation, were too few for analysis. 
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Fic. 3.—Dye-dilution curves before (above) and after (below) closure of 
atrial septal defect. Top curve shows short appearance time and 
characteristic form of left-to-right shunt. Bottom curve shows normal 
appearance time and normal recirculation. 


TABLE III 
ATRIAL SEPTAL DEFECT AFTER CLOSURE 








Patient Sex Age | Body surface Cardiac index Appearance time (sec.) after injection 
area sq.m. 1./min./sq.m. into 
PA. | RPA. | LPA. 

M | 4 | 200 | 23 9 8 8 
2 F 26 1-80 2:2 10 9 9 
3 F 29 1-55 3-1 6 6 _ 
4 F 47 1-70 2:3 — 6 ~ 
5 F 23 1-50 3-3 7 — - 

6 M 26 1-95 3-8 8 7 6 
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These findings show that in atrial septal defect the speed of pulmonary blood flow is greatly 
increased, compared with that in patients who have no shunt and comparable systemic blood flows. 
In uncomplicated atrial septal defect the lesser circulation is therefore truly hyperkinetic; it becomes 
normal after surgical closure of the defect. 


DISCUSSION 


The appearance time on dye-dilution curves, under the conditions of this study, may be considered 
to reflect the speed of blood flow from the site of injection to the site of sampling. These sites were 
the pulmonary artery and right ear respectively. The smaller the body surface area the less will be 
the appearance time, and the appearance time is considered to decrease as the systemic flow increases 
(Korner and Shillingford, 1955). However, in the groups studied the cardiac outputs and body 
surface areas were comparable, and the appearance times may be considered to differ in respect of 
the speed of pulmonary blood flow. The present findings are therefore considered to demonstrate 
a greatly increased speed of flow in atrial septal defect, and are in accord with observations on the 
“lung recirculation time” in this condition (Swan et al., 1956). An increase in the volume of the 
fluid through which the dye passes is thought to lengthen the appearance time (Shillingford, 1958); 
in atrial septal defect this factor would weigh against the difference found, in comparing atrial 
septal defect with non-shunt cases, since the pulmonary blood volume is increased in the former. 
Significant valvar incompetence, which is thought to decrease the appearance time (Korner and 
Shillingford, 1955), was not present in the patients studied, nor is it considered that any comparable 
mechanism, rather than the speed of pulmonary blood flow, shortens the appearance time in atrial 
septal defect. 

This increase in the speed of pulmonary blood flow in atrial septal defect may be correlated with 
other clinical and physiological findings found in the condition. But in uncomplicated atrial septal 
defect the scatter of appearance times seems too small to serve as a useful parameter, in this way. 


SUMMARY 


The appearance times on dye-dilution curves from 21 patients with atrial septal defect have been 
compared with those from 19 patients who did not have intracardiac shunts, and 6 patients after 
surgical closure of the defect. 

Appearance times were significantly shorter in atrial septal defect, and became longer after 
closure. Thus an increased speed of pulmonary blood flow has been demonstrated, and there is a 
truly hyperkinetic circulation in uncomplicated atrial septal defect. 

We thank the physicians of the National Heart Hospital who have allowed us to study their patients; Dr. Paul 


Wood, for helpful criticism; Dr. Francis O’Grady for the statistical analysis; and the technicians of the Institute of 
Cardiology for their valuable assistance. 
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JAMES WILLIAM BROWN 


James Brown died quite suddenly on September 16, 1958, aged 61, after a short illness of which 
few of his friends were aware. 

He had a remarkable career in cardiology the like of which has not been seen since Mackenzie’s 
day. Born in Gloucester, his youth was spent in the country, where he became deeply versed in 
everything appertaining to rural life and pastimes, and he never lost his love of the countryside, 
often surprising his friends in later life by his great store of knowledge of natural history. 

During the 1914 War, his Quaker upbringing induced him to join the French Red Cross in which 
he served for several years. After this he entered the Middlesex Hospital as a student. He had 
little interest in games, and always impressed his fellow students as a man of ripe wisdom who 
followed his own bent in the pursuit of knowledge without much regard to his teachers. He 
became an expert histologist and later on he demonstrated histology in the physiological department. 
After qualifying in 1923, he continued to follow the principle that nothing worth knowing can be 
taught, and instead of seeking an appointment as house physician, he obtained the senior resident 
post of Casualty Medical Officer in which he had his own out-patient clinic. This was a most 
unusual proceeding, but Brown was no ordinary man and it would have been difficult to imagine 
him as a house physician. 

In 1924, he joined his father-in-law in general practice in Lincolnshire, first at Cleethorpes and 
later at Grimsby. He continued in general practice for fourteen years, taking his M.D., London, 
and M.R.C.P. without difficulty, and being elected, in 1935, to the Association of Physicians, a 
most unusual distinction. Finding himself handicapped in practice by lack of pathological facilities, 
he trained himself in laboratory work, making frequent visits to the Middlesex for this purpose, and 
in due course was appointed Pathologist to the Grimsby Hospital. 

He became interested in rheumatic heart clinics for school children and, in 1930, was invited by 
Muir to join in running a school heart clinic at Hull where rheumatic fever was a notifiable disease. 
Before long he became physician to school rheumatism and heart clinics at Hull, at Grimsby, and in 
the Holland and Lindsey divisions of Lincolnshire. It was in this way that his interest in congenital 
heart disease developed and in the course of time he recorded and indexed almost every case of the 
kind in the County. Such was his zeal for keeping records that, when war seemed imminent, he 
took photographic miniatures of all his school clinic notes, including radiographs. He had a 
wonderful way of handling children who quickly became devoted to him, and he took a personal 
interest in every child in these clinics. When one of his small patients died, he was always informed 
at once, and often he was allowed to make a post-mortem examination. As pathologist to the 
hospital, he had facilities for preserving and collecting his specimens of congenital heart disease, of 
which he invariably took photographs himself and often made his own drawings. Many of the 
figures in his book were drawn by his own hand. 

In 1932, he published with Muir a paper on patent ductus arteriosus and this was followed by 
papers on ventricular septal defect, cyanotic congenital heart disease, congenital aortic stenosis, 
tricuspid atresia, and coarctation of the aorta with bacterial endocarditis. 

In 1937, he wrote with Bedford the section on congenital heart disease in the British Encyclo- 
pedia of Medical Practice. By this time he had accumulated a wealth of clinical and pathological 
material, and he had thoroughly mastered the literature of congenital heart disease, so that the 
project of writing a book on the subject was encouraged and welcomed by his friends. In 1938, 
he abandoned general for consulting practice and in 1939 the first edition of his remarkable book ~4 
Congenital Heart Disease was published. A Spanish edition was published in Buenos Aires in 1948. 
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When the time came to prepare a second edition of this book, which was published in 1950, the 
rapid advances in our knowledge of congenital heart disease made his task extremely difficult, but 
he decided to confine it to those aspects with which he was so familiar. Part of a review of the book 
by Paul Wood is worth quoting: “Erudition and simplicity are harmoniously welded and more than 
700 references are incorporated without detracting from its fluency. The author’s practical ex- 
perience of congenital heart disease, both at the bedside and in the post-mortem room is probably 
unique in this country and forms the basis of this book. It is, indeed, remarkable that a work on 
this subject could command such respect without paying tribute to modern techniques. But what 
may be lost by these omissions is made up by a wealth of other material, and it is just these riches 
which Dr. Brown has so ably presented and which might so easily have been lost that make the 
book so valuable.” 

In order to appreciate Brown’s achievement one must realize that, in the presurgical era, con- 
genital heart disease was comparatively rare in hospital practice, for parents knew that nothing could 
be done for these children and often sought to prevent them becoming objects of medical curiosity 
at hospital. So no one could claim any great clinical experience of congenital heart disease judged 
by the standards of today, when a cardiologist associated with a cardiac surgical centre may see 
more cases in a few years than was possible in a lifetime in the past. Brown realized that school 
clinics provided the opportunity of seeing virtually every case of congenital heart disease of school 
age and also of following them up, so he travelled all over the county and to Hull to attend these 
clinics, and this must have deprived him of most of his leisure. 

Knowledge of congenital heart disease at this period was largely based on necropsy reports of 
single cases and on Maude Abbott’s invaluable analysis of published records. Apart from this, 
there were several works published in the previous century, notably those of Farre, Peacock, and 
Vierordt, the pathological atlas of Théremin’s specimens from the Foundling Hospital in St. Peters- 
burg and, of course, the embryological works of Rokitansky, Keith, and Spitzer. All of these were 
mainly pathological studies and antedated the use of electrocardiography and radiology in diagnosis. 
The only book written mainly from the clinical standpoint was that of Laubry and Pezzi published 
as long ago as 1921. 

Brown was the first to give a complete account of the subject, including electrocardiographic 
and radiological findings, based on a large personal experience, both clinical and pathological, as 
well as on a comprehensive knowledge of the literature. It was the outstanding work at the time 
when cardiac surgery began in earnest. Coming from a man engaged in busy general practice, 
isolated from any University centre, and virtually without clerical or technical assistance, this book 
may well be regarded as an achievement unparalleled since Mackenzie’s Study of the Pulse was 
published in 1902. No amount of toil and enthusiasm can entirely replace the need for contact 
and critical discussion with colleagues, and this he achieved by his constant association with Muir 
at Hull, and by regular visits to London when he often brought specimens with him. Outside 
cardiological circles, his staunchest friend and counsellor was the late Izod Bennett, Dean of the 
Middlesex Medical School, who had recognized Brown’s genius from the start and did his utmost to 
foster and encourage it. 

After the War, though his reputation as a physician was well established, Brown found himself 
handicapped by lack of facilities for catheterization and angiocardiography, and by lack of close 
contact with cardiac surgery, though he became Cardiologist to the Leicester Chest Unit and had 
some contact with Leeds. Realizing that the methods of Skoda and Rokitansky no longer sufficed 
for the study of congenital heart disease, he envisaged moving from Grimsby but the practical diffi- 
culties of doing so at his age seemed for a time to be insuperable. However, his opportunity came 
in 1952, when he was appointed to the post of Regional Cardiologist that had been created at 
Sheffield: indeed his reputation was so high that no other applicant competed with him for the post. 

His new appointment provided him with the scientific facilities he needed, without uprooting 
him entirely from his established base in Lincolnshire which lay within the Sheffield region. Brown 
saw to it that his new department at the City Hospital had all the necessary laboratory accommoda- 
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tion and equipment needed for modern methods of cardiological investigation, and his contacts in 
the region assured an abundance of clinical material. With the assistance of Whitaker, Heath, 
and his registrars, the new department was soon in full swing and a series of important papers dealing 
especially with pulmonary hypertension in congenital heart disease was published. 

Much as he accomplished at Sheffield, undoubtedly his most important work was done while 
he was engaged in busy practice in Lincolnshire. We may well wonder how he found the time and 
opportunity for such work, and perhaps the answer is supplied in Osler’s valedictory address at 
McGill, when he said that to maintain the student spirit amidst the daily routine of practice needed a 
strong natural propensity to study, a thirst for knowledge, and an unswerving steadfastness of 
purpose in its pursuit, an enduring zeal and energy. James Brown possessed all these attributes in 
full measure. 

He was an unconventional character and success changed him not at all. Invariably clad in 
comfortable tweeds with bow tie, and hands in pockets, his genial and familiar figure never seemed to 
change over the years. He has been described as a rugged individualist and certainly he did not 
lack the courage of his convictions or the ability to express them in forthright terms. He judged 
men as he found them and by his own standards, but anyone who had once gained his confidence 
and respect could be sure of his support when needed, and he never failed to win the loyalty and 
affection of his assistants. 

To his friends, he was a most lovable man and a delightful companion on all occasions. Skilled 
in many crafts, a useful artist, a bibliophile, a good judge of wine and food, a connoisseur of old 
china and pictures, and above all a remarkably shrewd judge of his fellow men, he could talk well 
on many subjects so that an evening spent in his company was always a rewarding experience. 
Apart from his work, his main hobby was exploring old furniture and junk shops and he is said 
to have located and visited every antique shop in the Midlands. He had an eagle eye for anything 
of interest and his hand had a magnetic attraction for anything of value in a dusty pile of old books. 
He loved travelling around the country and fortunately his post of Regional Cardiologist permitted 
him to do so. 

All these activities did not prevent him from taking his full share of public duties and he served 
on the Consultants and Specialists Committee, the Rheumatic Fever and Cardiology Committees 
of the College of Physicians, the Council of the Cardiac Society, the Editorial Board of the Heart 
Journal, and the Sheffield Regional Hospital Board. 

He accepted his illness in a philosophical way, saying little about it to anyone and continuing 
his normal work almost up to the time of his death which was mercifully sudden. Months only 
before his death, Brown married for a second time. _ By his first marriage he had a son and daughter. 

When the history of congenital heart disease comes to be written, Brown will be given a high 
and honourable place along with Farre, Peacock, Fallot, Théremin, Vierordt, and Maude Abbott, 


as one whose labours have contributed vitally to the subject. 
D. EVAN BEDFORD 


D. C. MUIR 
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CASE REPORT 
EFFORT SYNCOPE IN AORTIC STENOSIS 
BY 
DAVID LEAK 


From the Department of Cardiology, The Royal Infirmary, Edinburgh 


Attacks of effort syncope are fairly common in patients suffering from aortic stenosis. Their 
occurrence varies from 13 per cent to 25 per cent in several large series (McGinn and White, 1934; 
Hammarsten, 1951; Matthews ef a/., 1955; Baker and Campbell, 1956). In congenital aortic 
stenosis it has been recorded in 8 cases out of 40 (Campbell and Kauntze, 1953), 2 cases out of 28 
(Marquis and Logan, 1955) and 6 cases out of 37 (Downing, 1956). 

Reports of electrocardiograms taken during effort syncope are rare; four such published reports 
have been traced. In two of them (Gallavardin and Rougier, 1928; Hammarsten, 1951), sino- 
auricular block and nodal escape occurred. Nodal rhythm occurred in a third (Gravier, 1936), 
and sinus bradycardia in a fourth (Marvin and Sullivan, 1935). Unconsciousness developed before 
the onset of the arrhythmia in three of them. 

The purpose of this paper is to report a case of effort syncope due to cardiac arrest, occurring 
in a patient with congenital aortic stenosis. Electrocardiograms were taken throughout the attack. 


Case Report 


G. W., a 31-year-old railway signalman, was first discovered to have a cardiac murmur at the age of five 
years at a school medical examination. He had never suffered from rheumatic fever, growing pains, chorea, 
or scarlet fever. 

At the age of 29 years, he had his first syncopal attack. This occurred after he had run 300 yards uphill 
to catch a train. Since then he has had two further attacks in similar circumstances. Each attack occurred 
immediately after he sat. down following severe exertion. He felt breathless, but was not conscious of any 
change in the heart rate. The loss of consciousness was sudden and lasted from two to five minutes on each 
occasion. There was no loss of sphincter control, and convulsions were not observed. After the attacks 
he always felt nauseated and noticed that he was sweating and felt his face flushed and warm. He had never 
suffered from angina, undue exertional dyspnoea, or ankle swelling. 

Physical examination showed a well developed man who looked fit. He had a cleft palate. The heart 
rate at rest was 80 beats a minute; the pulse was of normal volume. The blood pressure was 130/84. 
There was no evidence of cardiac failure. A systolic thrill was palpable, maximal in the second interspace, 
immediately to the right of the sternum, but also palpable at the apex. The first heart sound was loud and 
split. There was a grating systolic murmur (grade 4), maximal in the second right interspace, but also 
audible all over the chest, back and front, and also over the carotid arteries. There was a normal, single 
aortic second sound. No early diastolic murmur could be heard. The femoral pulses were of good volume. 

An X-ray of the heart showed a cardio-thoracic ratio of 1 : 2-2 (transverse cardiac diameter 142 mm.; 
transverse chest diameter 313 mm.). The left ventricular segment was active and rather prominent. There 
was no left atrial enlargement. The aortic knuckle was rather large (33 mm. in diameter). Calcification 
was not visible in the aortic or mitral valves. 

Intra-arterial pressure tracings from the left brachial artery showed slight delay in the onset of the upstroke 
of the arterial wave (0-13 seconds), but no definite abnormality. A resting electrocardiogram (Fig. 1A) 
showed a normal sinus rhythm and evidence of left ventricular hypertrophy. Carotid sinus pressure on each 
side in turn produced no symptoms and no significant change in the form of the electrocardiogram. 

Exercise tolerance test. The patient performed a two-step exercise test consisting of 9420 foot pounds’ 
work in two minutes without any signs of distress or undue dyspnoea. Then, on lying down, he became 
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DAY AFTER ATTACK 


Fic. 1.—Electrocardiograms in aortic stenosis: (A) immediately before exercise, (B) on recovery of consciousness 
after effort syncope, and (C) on the day after the attack. The records show how, on recovery of consciousness 
after the test exercise the T-waves were found inverted in standard leads and in leads V4-V6. The record C 
shows restoration of normal patterns. The P-R interval increased from 0-16 sec. before the exercise to 0°18 sec. on 
recovery. 


increasingly breathless. Soon afterwards, as he lost consciousness, involuntary twitching occurred in the 
feet and hands. After a generalized tonic spasm the patient became pulseless, pale, and flaccid, and during 
the next half minute only one or two gasping respiratory movements were made. A few seconds later, 
following the onset of Cheyne-Stokes breathing, the heart rate on auscultation was about 50 a minute. 
Over the next four minutes the rate gradually increased, regular respiration was established, and the patient 
regained consciousness. 


Electrocardiograms taken throughout the attack (Fig. 2) showed the occurrence of complete cardiac 
arrest. Normal rhythm was later re-established (Fig. 1, B and C). An electroencephalogram showed a 
normal record at rest and on hyperventilation. The blood and urine examinations were normal. 


Fic. 2.—Electrocardiograms taken during an attack of effort syncope in a patient with congenital aortic stenosis: 
time measured in minutes and seconds after completion of a two-step exercise test. 
(A): taken during the initial period of dyspnoea; there is a supraventricular tachycardia with a ventricular rate of 
approximately 167 a minute. There is minor S-T depression. 
(B): the ventricular rate is slow and regular (68 a minute). The instability of the isoelectric line, due to the 
twitching of the patient as he lost consciousness, makes the interpretation of atrial activity uncertain. 
(C): (taken during the occurrence of a generalized tonic spasm). (D, E, and F), show long periods of cardiac 
arrest, but in F there is a suggestion of recovering atrial activity. 
(G, H, and I): (taken during the subcutaneous injection of adrenaline) show the re-establishment of ventricular 
activity. The complexes are largely of left bundle-branch block type, but their variety indicates varying foci 0! 
origin. Atrial activity is uncertain. 
(J): there is a regular ‘idio-ventricular rhythm, rate 50 a minute. The complexes are of left bundle-branch type. 
Irregular and abnormal P waves are present. 
(K): (taken as the patient recovered consciousness) shows the development of normal sinus rhythm. In the early 
part of the record the P-R interval is 0-20 second, but following a supraventricular premature beat there has been 
a change in the pace maker, with the development of a P-R interval of 0:10 second. There is S-T depression and 
a diphasic T wave in all the complexes. : 
Note: The records were taken continuously as rapidly as possible, using a Cambridge Table Model with a moving 
plate camera. The timings are therefore approximate. However, during a period of about 48 seconds only one 
ventricular beat was recorded and a further 33 seconds elapsed before the establishment of a regular idio-ventricu- 
lar rhythm. 
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Comment 


The mechanism of effort syncope in aortic stenosis is disputed. Marvin and Sullivan (1935) 
considered that the attacks were probably due to hypersensitivity of the carotid sinus, but showed no 
evidence to prove this. Contratto and Levine (1937) and later Mitchell et al. (1954) were unable to 
demonstrate any association between syncopal attacks and hypersensitivity of the carotid sinus in 
patients with aortic stenosis. Gallavardin (1937) thought that a transient cerebral anoxia caused by a 
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fall in left ventricular output was responsible for the attacks, except on certain rare occasions, when 
they might be due to an arrhythmia. The mechanism of the sudden fall in left ventricular output 
was elaborated by Hammarsten (1951), who considered that this was due to a relative myocardial 
ischemia precipitated by effort, causing a reduced stroke volume: he pointed out that the published 
electrocardiographic records taken during an attack were consistent with this view. Mitchell er al, 
(1954) were of the opinion that the shortening of diastolic filling, caused by a tachycardia resulting 
from effort, was particularly likely to decrease cardiac output in cases of well-marked stenosis. 

Conduction defects are known to occur in patients with aortic stenosis. Permanent complete 
heart block may be caused by the extension of calcification from the stenosed aortic valve to involve 
the bundle of His, as reported by Yater and Cornell (1935) and by Dry and Willius (1939). Syncopal 
attacks have occurred in a patient with this lesion (Warshawsky and Abramson, 1947). Transitory 
conduction defects occurring with calcific aortic stenosis have been reported by Boas (1935) and by 
Friedberg (1956). In Boas’ (1935) case, complete heart block was precipitated by exercise. Fried- 
berg (1956) pointed out how difficult it is to correlate these transitory disturbances with organic 
lesions of the bundle of His resulting from calcification. 

In the patient whose case is reported here, the syncopal attacks always occurred in circumstances 
likely to produce coronary insufficiency, the occurrence of which is well recognized in aortic stenosis 
(Contratto and Levine, 1937; Friedberg and Horn, 1939); there was no radiological evidence of 
calcification; and the cerebral anoxia was probably caused by the development of a rapidiy changing 
arrhythmia, culminating in complete cardiac standstill. Normal rhythm was later re-established. 

It is therefore suggested that a functional coronary insufficiency developing during exertion may 
cause a relative ischemia principally of the conduction system of the heart in a proportion of patients 
with aortic stenosis. This may cause a transient conduction defect and hence an attack of syncope. 
If ventricular activity is not quickly restored, sudden death will ensue. 


Summary 


Reference is made to four previously published electrocardiographic records taken during an 
attack of effort syncope in patients with aortic stenosis. In the case here reported complete cardiac 
arrest occurred following exercise in a patient with congenital aortic stenosis. The various mechan- 
isms of effort syncope in aortic stenosis are discussed and in the present instance it is suggested that 
a transient conduction defect was caused by functional coronary insufficiency. This may explain 
the occurrence of effort syncope and sudden death in a proportion of patients with aortic stenosis. 


I wish to thank Dr. A. Rae Gilchrist for his encouragement in preparing this paper and for permission to publish, 
and also to thank the other members of the staff of the Department of Cardiology for a great deal of help in its 
production. 
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In some patients with congenital heart disease the arterial oxygen saturation can be altered by 
simple measures, such as Valsalva’s manceuvre, exercise, squatting, amyl nitrite inhalation, or oxygen 
breathing. This paper reports a study of the clinical use of oximetry to measure the changes after 
such manoeuvres and aims to show how the results obtained may be useful in diagnosis. The 
methods used have been kept as simple as possible in an attempt to develop techniques that can be 
used in an out-patient clinic. More than 300 patients have been studied; the diagnosis was based 
on the clinical findings, confirmed by cardiac catheterization or angiocardiography. In a few cases 
the diagnosis was established either at operation or autopsy and, while there is little doubt that it is 
correct in the simpler conditions, there must be some question of the accuracy of the diagnosis in 
some of the more complicated cases. 

The methods used to produce changes in the arterial oxygen saturation were (1) Valsalva’s 
manceuvre at rest and after exercise, (2) exercise, (3) squatting and standing, (4) amyl nitrite inhala- 
tion, and (5) breathing 100 per cent or 30 per cent oxygen. Not all these methods were used in 
every case, but an attempt was made to use oximetry as an adjunct to clinical examination, radio- 
graphy, and electrocardiography, so that the procedure varied with the nature of the clinical problem. 


METHODS 


Ear oximeters have a reputation for instability and inaccuracy, which is reasonably well-deserved. The 
measurement of the absolute level of arterial oxygen saturation from the transmission of light through the 
ear presents many technical difficulties. Variations in ear thickness, ear texture, skin colour, and hemo- 
globin level make it almost impossible to devise an instrument that will always give an accurate record. 
The recording of changes in saturation is not so difficult and the methods used in this study have concentrated 
more on changes, than on the actual level of arterial oxygen saturation. 

The ear oximeter used (Stanley Cox) was a single scale instrument based on a circuit developed by Stott 
(1953) and was modified to give a continuous record of arterial oxygen saturation on a pen recorder or a 
multi-channel photographic recorder. If possible, the lobe of the ear was used; if this proved to be too 
small, the instrument was put on the pinna of the ear. Vasodilatation was produced with rubefacient 
cream, which was left on the ear for about five minutes. The degree of vasodilatation varied as the ear 
heated up and the drift that resulted was counteracted by frequent rebalancing of the instrument. The 
right ear was used, unless there was a possibility of reversed shunt through a patent ductus arteriosus, in 
which case measurements were made on the left ear also. The patient usually sat in a chair, but when 
measurements were made during cardiac catheterization, the patient lay flat. 

Calibration. The oximeter was calibrated against arterial blood samples analysed by Haldane’s method. 
The calibration curve is shown in Fig. 1; it can be seen that the instrument was reasonably accurate, when 
the arterial oxygen saturation was above 80 per cent. Each point in Fig. 1 represents a different patient, 
so that the oximeter was tested on patients with a wide range of hemoglobin levels and on many different 
ears. A day to day check on the working of the instrument was also obtained by observing the fall in 
arterial oxygen saturation that occurs with breath-holding. When a normal subject holds his breath, the 
arterial saturation falls until, at the breaking point, it has reached a level that is more or less constant for 
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Fic. 1.—Calibration curve of oximeter. Each point Fic. 2.—Arterial oxygen saturation plotted against amount of ex- 
represents a different patient. ercise in 26 patients with pulmonary stenosis. The saturation 
falls more readily on exercise in patients with Fallot’s tetralogy. 


that individual. When breathing is resumed, the saturation starts to rise again after about three seconds 
and rapidly returns to its original value. The observation that the oximeter showed these changes with 
breath-holding proved a useful check that it was working properly. 

Artefacts. Changes in ear thickness, due to distension of the ear by the rise in venous pressure during 
Valsalva’s manceuvre, were found to have an effect on the oximetric reading. An increase in ear thickness 
produced an apparent increase in saturation and variations in apparent saturation also occurred with each 
heart beat in some patients. These artefacts can be seen in the tracing shown in Fig. 3 from a normal subject. 
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Fic. 3.—Tracing of arterial pulse, mouth pressure, and arterial oxygen saturation in a normal subject, showing artefacts 
during and after Valsalva’s manceuvre. 


There was an apparent increase in saturation during the period of strain and the variations in saturation 
with each heart beat were greatest during the overshoot after Valsalva’s manceuvre. These artefacts were 
usually greater when the patient lay flat. 

Valsalva’s Maneuvre. When the effect of Valsalva’s manceuvre was being studied, the systemic arterial 
pulse was recorded by an indirect method (Brabrook-Norman, 1954), using a carbon microphone over the 
radial or brachial artery. In some patients, studied during cardiac catheterization, a direct intra-arterial 
tracing was obtained. Although the indirect method was less satisfactory, it had the advantage of simplicity. 
The main use of an arterial tracing was to decide whether the arterial pressure response to Valsalva’s 
manceuvre was normal or “‘square-wave”’ in type (Hamilton ef al., 1944; Sharpey-Shafer, 1955). The 


presence of bradycardia after the period of strain indicated a normal response, while its absence denoted a 
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square-wave response. The mouth pressure was also recorded during Valsalva’s manceuvre to check the 
size and timing of the blow. A standard pressure of 40 mm. Hg was maintained for 10 sec. More than 
95 per cent of the patients over the age of 5 years were able to perform a satisfactory Valsalva, but care had 
to be taken to see that the patient did not close the glottis and blow with the cheeks. This can be prevented 
by introducing a small leak into the system. Early in this study, the effects of longer periods of strain than 
10 sec. and higher pressures than 40 mm. were tried, but the amount of extra information obtained was small. 
The effect of Miiller’s manceuvre was also tried, but most patients found it so difficult to do, that it too was 
abandoned. No untoward effects were observed after Valsalva’s manceuvre, with the exception of one 
patient with atrial septal defect and pulmonary hypertension, who developed cardiac pain when the arterial 
oxygen saturation fell 25 per cent after Valsalva’s manceuvre. A cardiogram showed S-T depression during 
the few beats when the patient had pain and the pain was clearly cardiac in origin. 

Exercise. In most patients the arterial oxygen saturation was measured after exercise and Valsalva’s 
manceuvre was repeated during recovery. The exercise consisted of walking up stairs, the number of stairs 
varying with the clinical state of the patient. The standard amount of exercise was 50 stairs, after which the 
patient sat down again and the saturation was remeasured. The arterial oxygen saturation was often rising 
slowly during the period of recovery, when Valsalva’s manoeuvre was performed after exercise and the 
manceuvre was repeated several times, often after a second period of exercise. 

Oxygen Breathing. The effect of breathing either 100 or 30 per cent oxygen on the arterial oxygen 
saturation was measured in cyanosed patients. The patient breathed from a Douglas bag through a valve 
assembly and the time of switching to different oxygen mixtures was marked on the record. The initial 
arterial oxygen saturation and the rate of rise were measured. If the rise in arterial saturation was ex- 
ponential, the maximum rise in percentage per minute was measured; if the rise was linear, the rate of rise 
in the period 4 to 14 minutes after starting to breathe oxygen was measured. The oximeter showed a 
tendency to drift in the direction of an apparent increase in saturation. In order to compensate for this, the 
arterial saturation was recorded during control periods, before and after oxygen breathing. The rate of 
drift during the control periods, breathing air, was substracted from the rise with oxygen breathing. 

Amyl Nitrite Inhalation. The effect of amyl nitrite inhalation on the arterial oxygen saturation was 
measured in patients in whom there was a question of a right-to-left shunt. An indirect arterial tracing 
was usually obtained at the same time. In patients studied during cardiac catheterization, intra-cardiac or 
direct arterial tracings were also obtained. The occurrence of flushing and tachycardia were taken as evi- 
dence of a fall in systemic resistance in response to amyl nitrite. This response was not invariable and no 
conclusions could be drawn in patients who failed to respond to the drug. Inhalation was always stopped 
when a fall in saturation was observed. 

Squatting and Standing. The effect of posture on the arterial oxygen saturation was studied after exercise. 
After walking upstairs, the patient squatted while the oximeter was put in position. The patient then stood 
up and the change in saturation was recorded. In some cases the patient then squatted again and in others 
the order was reversed, the patient first standing and then squatting. 


RESULTS 


Normal Subjects and Patent Foramen Ovale. No significant change in arterial oxygen saturation 
was observed in ten normal subjects after Valsalva’s manceuvre either at rest or after exercise. It 
was thought originally that temporary right-to-left shunts after Valsalva’s manceuvre, of the type 
described by Lee and Gimlette (1957) in patients with atrial septal defect, might occur in normal 
subjects with patent foramen ovale. The findings in two patients with pulmonary stenosis, in whom 
a patent foramen ovale was proved by cardiac catheterization, were thought to make this unlikely. 
In both, the catheter was passed with difficulty into the left atrium and the pressure and wave form 
shown to be higher and different from that in the right atrium. In both patients the response to 
Valsalva’s manceuvre was normal and no right-to-left shunt could be demonstrated, either at rest or 
after exercise. In view of these results, further studies in normal subjects, aiming to show that a 
patent foramen ovale was present, were not carried out. Lee (1958) has found that it is possible 
to demonstrate a right-to-left shunt, presumably through a foramen ovale, in a normal subject by a 
combination of a maximal Valsalva and G suit inflation. 


Atrial Septal Defect 


Lee and Gimlette (1957) have shown that it is possible to produce a temporary reversal of the 
dominant left-to-right shunt by Valsalva’s manceuvre in many patients with atrial septal defect 
(ASD). A typical tracing showing this shunt reversal in such a patient is shown in Fig. 4. The 
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indirect pulse tracing and mouth pressure are shown, together with a continuous record of the 
arterial oxygen saturation. The response to Valsalva’s manceuvre was normal, because there was 
bradycardia after the period of strain. The saturation rose slightly during the period that the mouth 
pressure was raised; this may have been due to cutting off the small right-to-left shunt, which is 
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Fic. 4.—Shunt reversal after Valsalva’s manceuvre in a patient with atrial septal defect. 


sometimes found in patients with ASD. The ear artefact in this patient was small, there being little 
change in the oximetric record coincident with the start and finish of the blow. Shunt reversal 
occurred 3 seconds after the end of the period of strain, when the arterial oxygen saturation fell 
3 per cent, the fall being spread over 3 seconds. The suggested explanation for this sequence of 
events depends on what happens in the heart during Valsalva’s manceuvre. It is thought that the 
rise in intra-thoracic pressure, when the patient starts to blow, cuts off the systemic venous return 
to the right atrium. The heart tends to empty, as it continues to beat without filling, and the fall in 
systemic arterial pressure that occurs represents emptying of the heart and lungs. At the end of the 
period of strain, both atria must be emptier than they were at the start of the manceuvre. When the 
intra-thoracic pressure is released and the systemic venous return is restored, venous blood is thought 
to pour into the right atrium and produce a temporary increase in right atrial pressure. If there is 
an atrial septal defect, the rise in right atrial pressure produces a right-to-left shunt, and so lowers 
the arterial oxygen saturation. The shunted blood takes time to reach the ear, so that the drop in 
arterial saturation is delayed by about 3 seconds. The pressure difference between the right and 
left atria at the end of Valsalva’s manceuvre in a patient with a small atrial septal defect is shown in 
Fig. 5. This tracing was obtained with a twin lumen catheter and a differential manometer (New 
Electronic Products) and when the patient stopped blowing, there was a pressure gradient from the 
right-to-left atrium of 4 mm. Hg lasting about 0-25 sec. The fall in arterial saturation followed 
about 3 seconds later. This pressure gradient from right to left was so short lived, that its effect 
could well have varied with the time in the cardiac cycle at which it occurred. It was found that 
the fall in arterial saturation after Valsalva’s manceuvre in a given patient with ASD varied. On 
one occasion there might be no fall in saturation, while on another, with an identical blow, the 
saturation might fall by as much as 5 per cent. This finding could be explained by variations in 
the time in the cardiac cycle at which the intra-thoracic pressure was released. The pressure 
difference between the two atria varies during the cardiac cycle and, if the inflow of venous blood 
into the right atrium occurred at a time when the right atrial pressure was relatively high, the drop 
in saturation could be enhanced. 

A different type of change in arterial oxygen saturation during Valsalva’s manceuvre was seen 
in some patients with ASD in whom the pulmonary blood flow was only about twice the systemic 
flow. An example is shown in Fig. 6. The difference was that the saturation fell towards the end 
of the period of strain, instead of remaining raised until shunt reversal occurred. The fall in 








satu 
The 
this 
is th 
out 
atri 
wot 
The 









































































THE CLINICAL USES OF OXIMETRY 297 
the saturation after the intrathoracic pressure was released still occurred, in this case after two seconds. 
vas The fall in saturation during the latter part of the period of strain was the only feature distinguishing 
ith =} this type of tracing from that shown in Fig. 4. The suggested explanation for this fall in saturation 
is is that the pulmonary flow was insufficient to maintain the left atrial pressure above the right through- 

out the period of strain: as a result some of the right atrial blood passed directly into the left 
atrium instead of via the right ventricle, lungs, and pulmonary veins. The chances of this happening 
would be increased if some systemic venous blood leaked into the right atrium from the vene cave. 
There is evidence from angiocardiographic studies (Bolt et a/., 1956) that Valsalva’s manoeuvre does 
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not cut off the flow of blood from the inferior vena cava completely. 


Whatever the explanation of 


this fall in saturation during the period of strain, it only occurred in patients with a relatively low 
pulmonary blood flow. This point will be referred to later, when the results in cyanotic congenital 


heart disease are considered. 


Shunt reversal could not be produced by Valsalva’s maneeuvre in all patients with ASD. 


If the 


arterial pressure response to Valsalva’s manceuvre was “square wave” in type, shunt reversal did not 


occur. An example is shown in Fig. 7; in this symptom-free girl of 13, in whom the pulmonary 
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Fic. 7.—Square wave systemic and pulmonary arterial pres- 
sure response to Valsalva’s manceuvre with no shunt 
reversal, in a patient with a large atrial septal defect. 


Fic. 8.—Pulmonary to systemic flow ratio in 71 
patients with atrial septal defect, showing rela- 
tionship between size of shunt and shunt 
reversal after Valsalva’s manceuvre. 


flow was more than four times the systemic flow, the response of both the systemic and pulmonary 
arterial pressures to Valsalva’s manceuvre was square wave in type. There was no fall in pressure 
during the period of strain, no overshoot afterwards, and no change in pulse rate. This tracing was 
obtained during cardiac catheterization with the patient lying flat, and there was an artefactual rise 
in saturation during the period of strain. There was no evidence of shunt reversal after Valsalva’s 
manceuvre, the saturation remaining unchanged in the period after the intra-thoracic pressure was 
released. The suggested explanation for the negative findings is that the heart and lungs did not 
empty during Valsalva’s manceuvre, because there was sufficient blood recirculating through the 
lungs to keep both atria relatively full during the period of strain: the systemic arterial pressure 
was therefore maintained when the systemic venous return was cut off and, when the venous return 
was restored after 10 seconds, the inflow of venous blood was not sufficient to raise the right atrial 
pressure above the left, so that shunt reversal did not occur. 

In some patients with ASD of moderate size, shunt reversal could only be demonstrated when 
Valsalva’s manceuvre was repeated after exercise. This may have been because the systemic output 
increased on exercise, while the pulmonary flow remained relatively constant. Any increase in 
systemic flow would give the heart and lungs a better chance to empty during Valsalva’s manceuvre 
and tend to convert a square wave response at rest to a normal response after exercise, enabling 
shunt reversal to occur. 

The 71 patients with uncomplicated atrial septal defect studied have been divided into three 
groups on the basis of shunt reversal after Valsalva’s manceuvre; (1) shunt reversal at rest and after 
exercise, (2) shunt reversal only after exercise, and (3) no shunt reversal at rest or after exercise. 
The difference in the size of the shunt in these three groups is shown in Fig. 8. In this graph the 


mean ratio between the pulmonary and systemic flows is shown for each group, together with the 
standard deviation. This ratio was thought to be the best measure of the size of the shunt and was 
calculated in a standard manner from the oxygen content of superior vena caval and pulmonary 
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a 

and systemic arterial blood, assuming the pulmonary venous blood to be 95 per cent saturated. 
This method tends to exaggerate the size of the shunt, but, as inferior vena caval and pulmonary 
venous samples were not obtained in every case, it was preferred to more accurate methods. The 
mean ratios in the three groups were 2:4, 3-2, and 4-7, indicating that, as the shunt increased, it be- 
came more and more difficult to reverse with Valsalva’s manceuvre. It should be stressed that 
patients with oedema of the ankles or a venous pressure over 5 mm. Hg were excluded and the 
patients with a square wave Valsalva did not have heart failure. In four patients with ASD in 
heart failure, the response to Valsalva’s manceuvre was square wave, no shunt reversal could be 
demonstrated, and the pulmonary to systemic flow ratio averaged 3-2. 

In 33 patients studies were carried out three weeks to 18 months after repair of an ASD by direct 
suture under hypothermia; 13 of these had been studied before operation. In seven there was evi- 
dence of shunt reversal after operation, indicating that a defect was still present. In four there was 
some doubt whether the defect was closed, usually because the response to Valsalva’s manceuvre 
was not certainly normal. In the other 22 patients, no shunt reversal could be demonstrated, the 
Valsalva was normal and the defect was thought to be closed. A number of the first cases to be 
treated surgically were included, so the group cannot be said to be representative. In all the patients 
studied before and after operation, the results indicated that the defect was smaller than before 
surgery. A tracing showing shunt reversal after operation is shown in Fig. 9. 
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Fic. 9.—Shunt reversal after Valsalva’s manceuvre after operation for closure of atrial septal defect. 


In the patients with ASD discussed so far, the arterial oxygen saturation did not fall below 
90 per cent on exercise; in a number, it rose on exercise. Eight patients were encountered in whom 
the saturation fell on exercise. Patients with pulmonary hypertension, pulmonary stenosis, Ebstein’s 
disease, and reversed interatrial shunt with cyanosis at rest were not included in this group, all of 
whom had a raised pulmonary blood flow. Four were thought to have endocardial cushion 
defects, usually with a mitral systolic murmur and left axis deviation in the electrocardiogram. 
In these four the arterial oxygen saturation fell to 83-85 per cent after walking up four flights of 
stairs. Seven others with probable ostium primum defects were studied, but apart from one, 
who showed a fall in saturation after amyl nitrite inhalation, the findings were similar to those in 
patients with secundum defects. A possible explanation for the slight fall in arterial oxygen satura- 
tion on exercise could be a shunt from right atrium to left ventricle. 

In two patients, with high ASD and anomalous pulmonary venous drainage into the superior 
vena cava, the saturation fell on exercise to 83 and 80 per cent. Eleven others with high defects 
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and anomalous pulmonary venous drainage were studied and showed findings similar to those with 
secundum defects. The fall in saturation on exercise with high defects could be due to preferential 
shunting of superior vena cava blood into the left atrium and dye studies suggested that this occurred 
in one of the patients. In the other two, the saturation fell to 70 per cent on exercise and there 
was nothing to suggest that the ASD, which was proved by cardiac catheterization, was atypical. 
From these results, it would seem that a fall in arterial oxygen saturation on exercise, in a patient 
with an otherwise typical ASD, should suggest an ostium primum defect or a high defect with ano- 
malous venous drainage, but that the absence of a fall in saturation on exercise is of no help in 
diagnosis. Lee and Gimlette (1957) have shown that it is possible to recognize the condition of 
anomalous venous drainage of the right lung into the right atrium with no atrial defect, by the 
failure to demonstrate shunt reversal after Valsalva’s manceuvre. Only one patient was encountered 
in whom this diagnosis was possible and the catheter findings were unfortunately incomplete: 
surgical treatment was not undertaken, so that the diagnosis was not proved. 

Ebstein’s Anomaly. Three patients with Ebstein’s anomaly were studied, and are included in 
this section because none of them were cyanosed at rest or after exercise. In one there was no 
evidence of a defect and no shunt reversal was demonstrated. The other two, only one of whom 
was catheterized, showed a different type of change in saturation with Valsalva’s manceuvre from 
that seen in typical ASD. There was no change in saturation at rest and the arterial pressure 
response was square wave in type. The tracing obtained after exercise is shown in Fig. 10. The 
saturation fell throughout the period of strain, suggesting that in this case the right heart emptied 
directly through the defect. The only other patient in whom a similar tracing was obtained had 
an ASD with a normal pulmonary flow and shunt reversal on exercise for which no adequate cause 
could be found. 
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Fic. 10.—Fall in arterial oxygen saturation during and after Valsalva’s manceuvre in a patient with 
Ebstein’s anomaly. 


VENTRICULAR SEPTAL DEFECT AND PATENT DucTUS ARTERIOSUS 


Shunt reversal after Valsalva’s manceuvre was not demonstrated in any patient with uncompli- 
cated ventricular septal defect or patent ductus arteriosus. Presumably the pressure difference or 
shunt across such defects is sufficient to prevent shunt reversal. Only eight patients with ventricular 
septal defect and three with patent ductus were studied, because it became apparent that no useful 
information could be obtained. In three patients in whom the diagnosis of both atrial and ventri- 
cular septal defect was made, shunt reversal occurred. This was taken as evidence that an atrial 
defect was present, but as none of the three has died or come to operation, it is not certain 
whether the defects were separate or combined in a defect of the endocardial cushions. 


CYANOSIS ON EXERCISE 


In a number of patients, cyanosis was clinically detectable only after exercise. Oximetric con- 
firmation of a fall in saturation was often useful in diagnosis. The patients in whom there was 
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difficulty in the clinical assessment of cyanosis usually had either pulmonary stenosis or pulmonary 
hypertension with a Jow cardiac output and peripheral cyanosis. The finding of a fall in saturation 
on exercise ruled out isolated pulmonary stenosis or primary pulmonary hypertension. The 
commonest problem in such patients was the differentiation of mild or “‘acyanotic” Fallot’s tetralogy 
from pulmonary stenosis with normal aortic root. While this distinction can readily be made in 
severe cases on clinical grounds, it may be difficult, even after cardiac catheterization, in milder cases. 
Twenty-six patients with pulmonary stenosis were studied, in whom the resting arterial oxygen 
saturation was 85 per cent or more. Of these, 13 were cases of Fallot’s tetralogy, 8 had an atrial 
defect, 2 had a patent foramen ovale, and 3 had no defect at atrial or ventricular level. The right 
ventricular pressure varied between 70 and 135 mm. Hg in the whole group, and even in the patients 
with Fallot’s tetralogy, there was sometimes up to 40 mm. Hg difference between right ventricular 
and systemic arterial pressures. 

The results of oximetric studies are shown in Table I; the most distinctive feature in the patients 
with Fallot’s tetralogy was that the arterial oxygen saturation fell precipitously on exercise. In the 
patients with normal aortic root, the fall was much less. This difference is shown in Fig. 2 


TABLE I 
RESULTS IN 26 PATIENTS WITH PULMONARY STENOSIS 
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Fallot’s Tetralogy 
F 5 90 80 
M 6 98/2 | 90 tS | 
F 7 | 100/0 | 7 | Se 7S. I Autopsy 
F 8 90/0 | 85/50 90 | 80 
F 9 100/0 | 85/65 | 61 95 80 5 3 § With ASD: LA and LV entered 
F 10 | 96/0 98/65 | 2:8 91 80 5 $ 15 
M 10 | | 8 | ® After Blalock operation 
M 11 110/0 110/50 3-6 | 90 yg: 5 3 5 
M 2 100/0 120/80 | 11-1 | 95 70 5 15 | With L-R shunt at ventricular level 
M 16 95/5 135/80 | 84 | 95 50 8 10 20 
M 20 100/0 125/50 | 14-4 93 70 3 FA 9 With L-R shunt at ventricular level 
F 22 94 | 80 5 2 13 Healed SBE 
M 31 110/5 135/75 94 | 75 4 0 10 
Simple Pulmonary Stenosis 
M 6 80/0 105/70 3:77 | 94 | 88 0 2 | With ASD. Operation 
F 7 80/0 75/57 60 | 95 | 90 0 With ASD 
M 10 85/5 100/70 3-7 92 90 Z With ASD 
F 12 90 86 With ASD. Post-operation 
F 23 95/0 130/60 | 5:8 95 90 0 0 With ASD 
F 26 | 90/2 120/75 | 6-4 93 89 0 With ASD 
F 28 125/0 ) Se 1 95 95 0 0 With ASD 
M 39 | 100/0 135/75 44 | 95 95 0 With ASD 
M 8 120/0 135/65 3°5 91 -90 0 With foramen ovale 
F 18 70/0 100/60 4:5 93 86 0 With ASD foramen. Operation 
F 9 120/15 | 100/55 | 4:3 a | * 0 0 Operation 
F 11 80/0 105/60 | 4-5 95 | 95 0 
F 11 135/0 135/80 7:8 94 93 0 0 





(p. 294), in which the arterial oxygen saturation has been plotted against the amount of exercise, 
measured by the number of flights of stairs climbed. The explanation for this difference probably 
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lies in the fact that the right ventricle in Fallot’s tetralogy is in direct communication with the 
systemic circulation and therefore the pulmonary flow cannot increase on exercise. The resistance 
to blood flow through the pulmonary stenosis does not alter on exercise and the right ventricular 
pressure, being necessarily the same as the left, cannot rise to force more blood through the lungs. 
As a result, the increased venous return during exercise is shunted through the ventricular septal 
defect into the systemic circulation. In pulmonary stenosis with normal aortic root, the right 
ventricular pressure can rise on exercise and increase the flow of blood to the lungs, and the arterial 
oxygen saturation does not fall on exercise, unless there is a reversed shunt through an ASD. 

Another feature in patients with Fallot’s tetralogy was that the arterial oxygen saturation fell 
3-8 per cent after amyl nitrite inhalation. This did not occur in patients with a normal aortic root. 
The explanation is that amyl nitrite reduces the systemic resistance and, since in Fallot’s tetralogy 
the right ventricle is in free communication with the systemic circulation during systole, the fall in 
systemic resistance results in an increase in the right-to-left shunt, producing a fall in arterial oxygen 
saturation. With an intact ventricular septum, it does not fall since the systemic circulation is not 
in direct communication with the right ventricle. 

Respiratory fluctuations in the arterial oxygen saturation were greater in patients with Fallot’s 
tetralogy, varying between 2 and 10 per cent after exercise, against 0-2 per cent in patients with 
normal aortic.root and an atrial defect. The change in arterial oxygen saturation on squatting and 
standing after exercise was also striking in patients with Fallot’s tetralogy, and an example is shown 
in Fig. 11. It should be emphasized that few of the patients squatted spontaneously. The possible 
explanations of the effect of squatting will be referred to later when the results in cyanotic patients 
are considered. 
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Fic. 11.—Fall in arterial oxygen saturation on standing up from the squatting position after exercise, and 
rise in saturation on squatting again, in a patient with Fallot’s tetralogy. 


PATIENTS WITH CYANOSIS AT REST 


One of the important uses of oximetry is in distinguishing cyanosis due to a right-to-left shunt 
from cyanosis due to lung disease. This distinction can be made by measuring the effect of oxygen 
breathing on the arterial oxygen saturation. If there is cyanosis due to lung disease, the arterial 
saturation rises rapidly when the patient breathes pure oxygen, as shown in Fig. 12. In this patient 
with cor pulmonale, the initial saturation was 83 per cent and it rose rapidly, at a maximum rate of 
33 per cent per minute, in an exponential manner to above 95 per cent. This tracing should be 
compared with that shown in Fig. 13, from a patient with pulmonary stenosis with reversed inter- 
atrial shunt. In this patient, the initial saturation was 70 per cent and with pure oxygen the saturation 
rose slowly and in a linear fashion at a rate of 2-5 per cent per minute to 75 percent. Three patients 
with cyanosis due to lung disease and 20 patients with shunts were studied. The maximum rate of 
rise in the patients with lung disease averaged 27 per cent with pure oxygen and 7 per cent with 
30 per cent oxygen. The patients with shunts can be divided into those in whom the shunt was 
purely right to left and those in whom it was bi-directional. In the former, the rise in saturation 
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Fic. 12.—Rapid exponential rise in arterial oxygen saturation with oxygen breathing in a patient with 
cor pulmonale. 
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Fic. 13.—Slow linear rise in arterial oxygen saturation with oxygen breathing in a patient with pulmonary 
stenosis and reversed interatrial shunt. The fluctuations in saturation are respiratory. 


averaged 3-6, against 2:9 per cent in the latter group. There was no significant rise in saturation 
with 30 per cent oxygen in patients with shunts. 

The reason for the rapid rise in arterial oxygen saturation in patients with lung disease is the 
rapid rise in alveolar oxygen tension with oxygen breathing. In such patients, the blood leaving 
the lungs is not fully saturated with oxygen, because diffusion of oxygen from the alveolar air into 
the pulmonary capillary blood is impaired. Any increase in alveolar oxygen tension increases the 
rate of diffusion of oxygen. With 30 per cent oxygen, the pressure of oxygen causing diffusion across 
the pulmonary membrane is about doubled and with pure oxygen it is increased more than sixfold, 
so that any impairment of diffusion is rapidly corrected. In practice, the rate at which the arterial 
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oxygen saturation rises in patients with lung disease depends on the rate at which the inspired oxygen 
mixes with the alveolar air. The rise in saturation is alinear because it depends on the relationship 
between oxygen tension and oxygen saturation—the dissociation curve of hemoglobin—which is 
alinear in its upper range. 

In patients with cyanosis due to a shunt, the blood leaves the lungs normally saturated with 
oxygen, and cyanosis is due to the addition of venous blood in the heart. When such a patient 
breathes pure oxygen, the amount of oxygen in solution in the blood increases from the normal 
value of 3 ml./l. to 20 ml./l. (Comroe and Dripps, 1950), because extra oxygen dissolves in the 
plasma in proportion to the rise in alveolar oxygen tension. The extra oxygen in solution in the 
pulmonary venous blood is available to combine with unsaturated hemoglobin in the shunted blood 
and raise the arterial oxygen saturation. Ifthe pulmonary and systemic flows remain the same with 
oxygen breathing, a new equilibrium is eventually reached, with the systemic arterial and venous 
and the pulmonary venous bloods all containing 17 ml./l. more oxygen than before. The rate at 
which this new equilibrium is reached depends on the relative amounts of pulmonary and systemic 
blood flow. The rise in arterial oxygen saturation is slow, because only 17 ml. of extra oxygen can 
be carried in every litre of blood; it is relatively linear because each extra ml. of oxygen produces 
the same rise in arterial oxygen saturation and the process does not depend on the relationship 
between oxygen tension and oxygen saturation. 

If the pulmonary or systemic flow alters as a result of oxygen breathing, the situation becomes 
more complex and superficially may resemble that seen in patients with cyanosis due to lung disease, 
the saturation rising rapidly. Oxygen breathing may occasionally reduce the pulmonary vascular 
resistance in patients with a right-to-left shunt and pulmonary hypertension. In this case, the 
arterial saturation may rise, because less blood is shunted from right to left. The rate at which the 
saturation rises must depend on the rate at which the pulmonary vascular resistance changes. Only 
one patient was encountered in whom this state of affairs was thought to exist, and a tracing of the 
brachial and pulmonary arterial pressures and arterial oxygen saturation are shown in Fig. 14. 
The woman had an ASD with pulmonary hypertension, which apparently followed pregnancy, 
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Fic. 14.—Tracing of arterial oxygen saturation and brachial and pulmonary arterial pressures, show- 
ing a rise in saturation and slight‘ fall in pulmonary arterial pressure with oxygen breathing, 
in a patient with atrial septal defect and pulmonary hypertension. The oximeter was rebalanced 
after two minutes. 


cyanosis being first noticed about the age of 25 years. Her diffusing capacity at rest and 
on exercise was normal, so that there was no question of impaired pulmonary function. It will 
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be seen from Fig. 14 that the arterial oxygen saturation rose at a rate of more than 15 per cent per 
minute and the pulmonary arterial pressure fell from 80/40 to 70/30mm. Similar falls in pulmonary 
arterial pressure were found in two patients with cor pulmonale and pulmonary hypertension, in 
whom the pulmonary vascular resistance fell with oxygen breathing and in another with ASD 
and pulmonary hypertension, the arterial oxygen saturation rose at a rate of 27 per cent per 
minute, but in these three the diffusing capacity was abnormally low. In four other patients 
with pulmonary hypertension and a right-to-left shunt, the pulmonary vascular resistance did 
not alter with oxygen breathing and the rise in arterial saturation was compatible with increased 
transport of oxygen in solution in the plasma. These findings indicate that a rapid rise in arterial 
oxygen saturation with pure oxygen, of 10 per cent per minute or more, is evidence of impaired 
diffusion or of a change in the pulmonary vascular resistance with oxygen breathing. The distinc- 
tion between these two factors can only be inferred from measurement of the diffusing capacity of 
the lungs. 


CALCULATION OF PULMONARY AND SYSTEMIC BLOOD FLOW 


The factors involved in the increase in arterial oxygen saturation with oxygen breathing in patients with 
a right-to-left shunt are such that it is possible to calculate the relative amounts of pulmonary and systemic 
flow, if certain assumptions are made. If the initial arterial saturation and the oxygen consumption are also 
known, the actual flows can be calculated. 

The calculation is based on the measurement of the rate of linear rise in arterial oxygen saturation in the 
arbitrary period between 4$ and 14 minutes after the patient starts to breathe pure oxygen. This gives an 
indication of the rate at which oxygen is being added to the blood reaching the systemic circulation. The 
extra oxygen has been carried in the pulmonary venous blood in known concentration, so that the relation- 
ship between the pulmonary and systemic flows can be calculated. 

The necessary assumption involved are as follows. 

(1) That the shunt is solely from right to left. 

(2) That gas mixing in the lungs is virtually complete within 30 seconds of starting to breathe pure 
oxygen. 

(3) That breathing pure oxygen does not alter the pulmonary or systemic blood flow. 

(4) That the pulmonary venous blood is normally saturated with oxygen. 

(5) That the amount of oxygen in solution increases by 17 ml. per litre when the subject breathes pure 
oxygen. 

(6) That the time taken for the mixed venous blood to reach equilibrium, with an oxygen content 
17 ml./l. above its initial level, is more than two minutes. 


Calculation. Let x=pulmonary blood flow in 1./min., and y=systemic blood flow in 1./min. 

Then if assumption (1) is correct, y—x=shunt flow in 1./min. 

Let C=oxygen capacity of blood in ml./l., and a=linear rise in arterial oxygen saturation in per cent 
per min. 

Then if 17 ml. of extra oxygen dissolve in each litre of pulmonary flow when the patient breathes pure 
oxygen, the rate at which extra oxygen reaches the left heart is 17x ml./min. 

The rate at which extra oxygen appears in the systemic arterial blood in ml./min. depends on the rate 


ae : : : . acy : 
of rise in saturation with oxygen and the oxygen capacity and is Too ml./min. 


If there is only a right-to-left shunt, these two rates should be equal: 


: _ aCy 
- 17x = 755 
y _ 1700 
or eae ee ee Pe el. 


In patients with a right-to-left shunt, the arterial oxygen saturation depends on the mixing of systemic 
venous and pulmonary venous blood. 

Let V=mixed systemic venous oxygen saturation percentage. 
A= initial arterial oxygen saturation percentage. 
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Then assuming a pulmonary venous oxygen saturation of 95 per cent. 
Ay = Viv—x)+95x 








or fou. (2) 
teahy m5 2 bee, Gk Lan. See oe oe Gee 
From equations (1) and (2): 
1700 95—V 
aC 7 
1700A —95aC 
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If the oxygen uptake is known, the pulmonary and systemic flows can be calculated using the Fick prin- 
ciple. 


Results. The pulmonary and systemic blood flows were calculated by this method and compared with 
measurements obtained at catheterization in 15 patients. The results are shown in Table II. In seven 


TABLE II 
COMPARISON OF FLOWS MEASURED AT CATHETERIZATION AND BY OXIMETRY 
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M 10 308 | 246 6:0 1-4 0 43 6:3 | 2:0 3:2 | Fallot’s tetralogy 
F| 25 246 | 201 | 140 | 2-0 0 | 7:0 68 | 1:9 | 3-5 | Fallot’s tetralogy: autopsy 
F 9 259 192 35 | 20 0 1:8 65 | 3-2 2:0 | Pulm. stenosis with rev. I-A shunt 
M, 40 296 | 250 4:5 2:3 0 2:0 1:8 | 1:2 1:5 | Pulm. atresia: operation 
M 17 304 | 250*| 5:6 1-7 0 3-3 42 1-5 2:6 | Tricuspid atresia 
F/ 31 215 | 230 4-9 2:1 0 2:3 90 | 40 2:3 | Pulm. hypertension: A-V communis 
F; 57 249 167 2:5 1-3 0 1-9 45 | 2:5 1:8 | Pulm. hypertension: VSD 
| Ze 198 271 5:3 3-4 1:2 1-6 11-5 | 3-6 3-2 | Pulm. hypertension: PDA+VSD 
M 36 292 | 311 6:0 a0 |. 1 2-0 4:4 | 2:7 1:6 | Pulm. hypertension: PDA+VSD 
M 32 314 | 248 3-0 2°5 1-1 1:2 8-7 | 2-7 3-2 | Pulm. hypertension: ?A-V communis 
Fj} 27 196 | 250*| 2-9 3-2 | O08 09 | 130) 64 2:0 | Pulm. hypertension: ASD 
M| 45 220 | 288 5-4 45 | 03 1:2 15-7 | 68 2:3 | Pulm. hypertension: ASD 
F 7 216 | 250*| 2:6 | 100 | 8-0 0-3 77 | 67 1-1 | Transposition+pulm. stenosis 
F 13 244 175 23 1:8 | 0-2 1:8 16:0 | 3-7 4:3 | Transposition+pulm. stenosis 
M 32 263 | 255 4-0 3-8 1:3 1-1 13 | 10 1-3 Reversed interatrial shunt 
* Assumed 


patients with a right-to-left shunt, the agreement between the systemic to pulmonary flow ratios measured 
by the two methods was reasonably good, considering the possible errors involved. In eight patients, in 
whom the shunt was bi-directional, the agreement was poor, particularly when the left-to-right shunt was 
large as in one of the patients with transposition. This result was to be expected because the first assump- 
tion made was that the shunt was solely right to left. Because there was a left-to-right shunt, a proportion 
of the pulmonary venous blood, containing extra oxygen in solution, was shunted back to the lungs, so that 
the rise in arterial oxygen saturation was slower than it would have been if there had been a pure right-to-left 
shunt. 

A better idea of the factors involved in this method of determining the cardiac output can be obtained 
by considering the relationship between the different variables. Fig. 15 shows a graph in which the systemic 
flow has been plotted against the initial arterial oxygen saturation with isopleths of different rates of change 
in Oxygen saturation indicated. This graph is for the special case of an oxygen capacity of 200 ml./I., a 
pulmonary venous saturation of 95 per cent, and an oxygen consumption of 250 ml./min. It will be seen 
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Fic. 15.—Theoretical graph of systemic flow and arterial oxygen saturation with 
isopleths of rate of change in arterial oxygen saturation with oxygen breathing 
(a). Line V=O represents a mixed oxygen saturation of 0 per cent. 


from this theoretical graph that, for a given initial arterial oxygen saturation, only small variations in the 
rate of rise of saturation are possible. The maximum rate is limited by the line indicating a mixed venous 
saturation of 0 per cent and the minimum by the systemic flow becoming ridiculously high. In general, a 
low arterial saturation implies a slow rise in saturation and a rapid rise in saturation tends to occur when 
the systemic flow is small. If the measured rise in saturation falls outside the theoretical limits set by such 
a graph, one of the assumptions must be wrong. If the rate of rise is too rapid, either there is lung disease 
and the blood leaving the lungs is unsaturated, or the pulmonary vascular resistance has fallen with oxygen 
breathing. If the rate of rise is too slow, it may be inferred that there is either a bi-directional shunt or that 
the mixing in the lungs is incomplete in 30 seconds. 

The accuracy of the results calculated by this method is naturally not very great, because, as can be seen 
from Fig. 15, a small error in the measurement of the rate of rise in saturation must have a large effect on the 
calculated flow. The procedure is, however, simple and can easily be repeated without discomfort to the 
patient, so that it may well prove to be useful in following patients with Fallot’s tetralogy and assessing the 
results of surgery. It could be used in steady state exercise and should be practicable in infants, where it 
might be useful in distinguishing a pure right-to-left shunt in Fallot’s tetralogy from a bi-directional shunt 
in transposition. 


VALSALVA’S MANCEUVRE 


The effect of Valsalva’s manceuvre on the arterial oxygen saturation in patients with cyanotic congenital 
heart disease is considerable, a change of up to 25 per cent being occasionally seen. Two main patterns of 
change can be distinguished; these will be referred to as Type A and Type B, and are shown in Figs. 16 
and 17. The principal difference was that in Type A the saturation fell during the latter part of the period 
of strain, while in Type B, the saturation remained raised until the intrathoracic pressure was released. In 
both types of response there was usually an initial fall in saturation due to the inspiration preceding the 
period of strain and a fall in saturation 3-6 seconds after pressure was released, due to a right-to-left shunt 
associated with the resumption of venous return to the right heart. 

Type A response was commonly found in patients with a ventricular septal defect, i.e. in Fallot’s tetralogy 
and Eisenmenger’s complex. It was originally thought to be diagnostic of a right-to-left shunt at ventricular 
level (McIlroy, 1958), but further studies have shown that it can occur in patients with an atrial defect. It is 
now thought that this response is analogous to that seen in patients with ASD in whom the pulmonary 
blood flow is small (Fig. 6), and depends on the size of the pulmonary flow, rather than the site of the defect. 
The evidence that the type of response was related to the pulmonary flow and not the site of the defect was 
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that, in five patients with mild Fallot’s tetralogy and in two with endocardinal cushion defects and pulmonary 
hypertension, there was a Type B response at rest and a Type A response after exercise. An example is 
shown in Fig. 18 from a patient with an endocardial cushion defect and pulmonary hypertension. 

The suggested explanation for the sequence of events in the Type A response is that, when the intra- 
thoracic pressure is raised at the start of the period of strain, the systemic venous return is cut off and the 
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Fic. 16.—Type A response of arterial oxygen saturation to Valsalva’s manceuvre, showing a fall in 
saturation during the period of strain. 
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Fic. 17.—Type B response of arterial oxygen saturation to Valsalva’s manceuvre, showing no fall in 
saturation until after the period of strain. 


right-to-left shunt is reduced. If the pulmonary blood flow is small compared with the systemic, the lungs 
soon empty into the left heart and the left heart pressure tends to fall. The right heart then starts to empty 
through the defect, instead of through the pulmonary artery and lungs and the arterial saturation falls. The 
smaller the pulmonary blood flow, in relation to the systemic, the more likely will the heart be to empty in 
this way. If the patient exercises and increases the systemic flow, while keeping the pulmonary flow more or 
less constant, a Type A response will be more likely to occur. Another way of looking at this response is 
to think of Valsalva’s manceuvre as an exaggerated e.. iration, squeezing blood out of the lungs into the 
left heart. If there is only a small amount of blood in the lungs, the resulting rise in arterial saturation will 
be short lived and right heart blood will soon start to flow across the defect again, producing a fall in arterial 
saturation. 

Type B was always found in patients with a reversed shunt through a patent ductus and tricuspid or 
pulmonary atresia and should theoretically occur in persistent truncus arteriosus. It was also found in 
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Fic. 18.—Type B response of arterial oxygen saturation to Valsalva’s manceuvre 
at rest, and Type A response after exercise, in a patient with endocardial 
cushion defect and pulmonary hypertension. 


patients with a reversed shunt at atrial or ventricular level, in whom the pulmonary flow was not reduced, and 
in cyanotic patients in whom the arterial pressure response to Valsalva’s manceuvre was square wave in type. 
The suggested explanation of Type B response in patients with an aorta-pulmonary shunt is that the right 
heart cannot empty directly into the left, so that the saturation cannot fall during the period of strain. The 
flow of blood from the aorta to pulmonary artery can be maintained throughout the period of strain, because 
there is a circulation from the aorta to the pulmonary artery, then via the lungs to the left heart and back 
to the aorta. When the venous return to the right heart is cut off, the saturation rises because the right-to- 
left shunt is cut off; the right heart cannot empty into the aorta because the left-to-right shunt from the 
aorta to pulmonary artery can be maintained by the blood recirculating through the lungs. In pulmonary 
atresia and persistent truncus arteriosus the situation is slightly different, but the supply of blood to the lungs, 
coming directly off the aorta, cannot be cut off during the period of strain, because both sides of the heart 
must empty together. In tricuspid atresia, if the lungs are supplied via an atrial and ventricular septal defect, 
the right atrium must always empty through the atrial defect and blood flow to the lungs must be maintained 
via the ventricular septal defect throughout the period of strain. In patients with atrial or ventricular septal 
defects, in whom the pulmonary blood flow is sufficient to maintain a flow of pulmonary venous blood into 
the left heart throughout the period of strain, the right heart will continue to empty through the lungs and 
emptying through the defect will be prevented. As a result, the arterial saturation will not fall during Val- 
salva’s manoeuvre and a Type B response will occur. This state of affairs will be more likely to occur in 
patients with ASD, because the pulmonary blood flow tends to be higher. If the arterial pressure response 
to Valsalva’s manceuvre is ‘‘ square wave”, Type B response must occur because the heart does not empty. 
From these speculations about the mechanisms involved in the changes in arterial oxygen saturation 

with Valsalva’s manceuvre in different conditions it will be seen that the problem is difficult and the explana- 
tions put forward may well have to be modified in the light of further studies. Certain points do, however, 
seem to be established. 

(1) Type A response can occur in ASD and is not diagnostic of ventricular septal defect. 

(2) The type of response depends as much on the relative amounts of systemic and pulmonary flow as 

on the site of the defect. 

(3) Type A response entails a normal arterial pressure response to Valsalva’s manceuvre. 

(4) If there is a square wave arterial response, the change in saturation will be Type B. 
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The timing and extent of the changes in arterial oxygen saturation, during and after Valsalva’s manceuvre 
in cyanotic patients, varied considerably. The situation is in some ways analogous to that found with dye 
studies in patients with right-to-left shunts. When the intrathoracic pressure is released after Valsalva’s 
manceuvre a quantity of venous blood enters the right atrium in a bolus equivalent to an injection of dye. 
This venous blood reaches the ear via a right-to-left shunt in the same way as an injected dose of dye. If the 
circulation time is short the appearance time is short and, as venous blood tends to remain in a bolus, the 
drop in arterial saturation is sharp and short lived. If the heart-to-ear circulation time is prolonged, the 
drop in saturation tends to be less steep and spread over a longer time. The site of the shunt also appears 
to influence the shape and timing of the fall in saturation after Valsalva’s manceuvre, a more delayed and 
spread out fall in saturation being seen when the shunt was aorto-pulmonary level. This may have been 
due to the bolus of venous blood becoming more spread out during its longer passage through the right heart, 


Amyl Nitrite Inhalation 


The effect of amyl nitrite inhalation on the arterial oxygen saturation was used to determine whether the 
right and left ventricles or aorta and pulmonary artery were in free communication. The use of amyl 
nitrite in distinguishing Fallot’s tetralogy from pulmonary stenosis with normal aortic root has already been 
described. Similar results were obtained in cyanotic cases and in patients with pulmonary hypertension and 
an intracardiac shunt. More convincing tracings were obtained if intracardiac and systemic arterial pressures 
were also recorded as shown in Fig. 19, but a record of the pulse rate and arterial saturation was generally 
sufficient. In some patients with pulmonary hypertension and ASD it was found that amyl nitrite produced 
a rise in arterial saturation (Fig. 20) suggesting that amyl nitrite may have caused the pulmonary vascular 
resistance to fall, as much, if not more than the systemic. 
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Fic. 19.—Fall in arterial oxygen saturation and femoral Fic. 20.—Fall in brachial arterial pressure, with no 
arterial and right ventricular pressures after amy] nitrite fall in arterial oxygen saturation or pulmonary 
inhalation, in a patient with endocardial cushion defect arterial pressure, after amyl nitrite inhalation in a 
and pulmonary hypertension. patient with atrial septal defect and pulmonary 
hypertension. 
Exercise 


The arterial oxygen saturation fell on exercise in all patients with a right-to-left shunt at rest. The 
extent of the fall was of little help in diagnosis in cyanosed patients. Exercise can, however, be of help in 
distinguishing primary pulmonary hypertension from pulmonary hypertension associated with a septal 
defect. The resting saturation was often about 85 per cent in primary pulmonary hypertension and did not 
fall with exercise unless there was associated lung disease. In patients with pulmonary hypertension and a 
shunt, the saturation almost always fell on exercise. 
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Squatting and Standing 

The effect of squatting and standing on the arterial saturation after exercise in cyanosed patients varied 
considerably. A fall in saturation on standing was strongly suggestive of Fallot’s tetralogy but was seen 
also in some patients with Eisenmenger’s complex. No benefit from squatting was found in patients 
with pulmonary atresia or pulmonary stenosis with reversed interatrial shunt. In some patients the effect 
of squatting was paradoxical, the saturation rising when the patient stood up and falling on squatting. This 
response is shown in Fig. 21 in a patient with pulmonary stenosis and reversed interatrial shunt. Similar 
results were seen in patients with transposition. 

The reasons for the beneficial effect of squatting on the arterial oxygen saturation are not fully understood. 
Changes in both the systemic and venous sides of the peripheral circulation probably play a part. In the 
squatting position the intra-thoracic pressure tends to rise and the lung volume decreases. The femoral 
veins are thought to become kinked, so that the venous return to the right heart is reduced (Brotmacher, 1957). 
This tends to diminish any right-to-left shunt and should benefit all patients with a shunt and Fallot’s tetra- 
logy in particular, because the arterial saturation is very dependent on the amount of venous blood returning 
to the right heart. The effect of squatting on the arterial side is to raise the systemic pressure (Sharpey- 
Shafer, 1956). This might be due to kinking of the femoral or iliac vessels, which could reduce the size of 
the arterial bed. Such a rise might not be completely correctable by the compensatory action of the baro- 
receptor reflexes and might persist. An increase in systemic arterial pressure would be of particular 
benefit to patients with Fallot’s tetralogy, because it would raise the right ventricular pressure and increase 
the pulmonary blood flow. The paradoxical effect in patients with transposition of the great vessels is more 
difficult to explain, but if there was a large pulmonary blood flow, the principal shunt would be from the 
pulmonary circulation to the systemic. If the arterial pressure was raised by squatting, this could reduce 
the shunt and produce a fall in saturation on squatting. Further work on the effects of squatting is clearly 
needed before the phenomena can be adequately explained. 
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Fic. 21.—Fall in arterial oxygen saturation on squatting and rise in saturation on standing up, in a 
patient with pulmonary stenosis and reversed interatrial shunt. 


RESULTS IN DIFFERENT CONDITIONS 


The results in 32 patients with pulmonary hypertension and an intracardiac shunt are shown in 
Table III grouped on the basis of the site of shunt. A number of these patients were not clinically 
cyanosed at rest but for convenience all are included here. 

Reversed Shunt at Aorto-Pulmonary Level. Six patients were studied in whom there was evidence 
of a reversed shunt at aorto-pulmonary level. In four the catheter was passed through a patent 
ductus into the descending aorta. In three there was a difference in the saturation measured in the 
right and left ears at rest. All had Type B response when studied sitting in a chair. In one 
a different response was obtained at cardiac catheterization with the patient lying flat and under 
these conditions the response was Type A. This was thought to indicate an associated ventricular 
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septal defect; the right heart samples showed a left-to-right shunt at ventricular level and there was 
no pulmonary regugitation. The patient is still alive, so that the diagnosis has not been confirmed. 
Somewhat similar results were obtained in another patient in whom there was a difference in the 
arterial saturation measured in the two ears with the patient sitting, but this difference was abolished 
when he lay flat or exercised. It was thought that this finding could be due either to an associated 
ventricular defect, or to a peculiar lie of the patent ductus directing the flow of shunted blood up- 
wards when the patient lay flat or increased the cardiac output on exercise. This patient is still 
alive and the diagnosis has not been confirmed; right heart samples showed a shunt at aorto- 
pulmonary level. 


TABLE III 
RESULTS IN 32 PATIENTS WITH PULMONARY HYPERTENSION AND A SHUNT 





Level of shunt Number Number with Valsalva response Average arterial O2 saturation 
of cases | equal pressures Type A Type B |{_ 
in pulmonary 








and systemic Rest Exercise 
circulations 
Aorto-pulmonary 4 4 0 4 93-897 83-817 
VSD+PDA 2 2 0 2 78 76 
VSD aa ae 8 7 4 3 90 7 
Endocardial cushion y 7 2 5 88 76 
ASD .. ‘* 2 3 6 91 83 





* Two patients with ASD and pulmonary hypertension showed no shunt reversal after Valsalva’s manceuvre. 
+ Arterial oxygen saturation in left ear. 


Ventricular Septal Defect. In eight patients the shunt was thought to be at ventricular level 
only. These patients should strictly come into the category of cyanosis on effort for their resting 
saturations ranged from 92-87 percent. Obvious cyanosis occurred on exercise; the type of response 
was variable and the arterial saturation fell with amyl nitrite in every patient in whom the drug was 
given. The effect of squatting was not tried in many but the results were variable. It was 
difficult to distinguish these patients from the seven in whom it was thought that there was either 
an endocardial cushion defect or both atrial and ventricular defects. The results of oximetric 
studies were intermediate between those in patients with ventricular defects and atrial defects, some 
showing Type A and others Type B responses. 

Atrial Septal Defect. In 11 patients the shunt was thought to be solely at atrial level. Most 
of these became cyanosed only on effort and in two, no fall in saturation or shunt reversal could be 
demonstrated even after exercise. About two-thirds of this group showed a Type B response and 
amyl nitrite produced no fall in the arterial saturation. Most of these patients with ASD were 
thought to have developed pulmonary hypertension in adolescence or after pregnancy. In such 
cases there was often a difference between the pulmonary and systemic arterial pressures. 

The result in 19 patients with different varieties of cyanotic congenital heart disease are shown 
in Table IV. 

Fallot’s Tetralogy. The results in patients with mild “acyanotic” Fallot’s tetralogy have already 
been described. Five other cases with saturations ranging from 82 to 65 per cent are shown in 
Table IV. All had a type A response except one. In this patient amyl nitrite failed to influence 
the arterial saturation and squatting produced no benefit. A ventricular septal defect was proved 
at catheterization and the patient had had a Blalock operation. It is possible that most of the 
pulmonary blood flow was coming through the anastomosis and the patient should really be con- 
sidered as a case of pulmonary atresia. 

Pulmonary Atresia. Four patients with pulmonary atresia were studied. In three the diagnosis 
was confirmed at operation. All had a Type B response and no benefit from squatting was observed 
in the two in whom the effect of posture was studied. 
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TABLE IV 
RESULTS IN 19 PATIENTS WITH CYANOSIS AT REST 














2 5 
_ “—* c 
fe [ze |w|g_ lex) 82/8. 
2 » Z& | ¢ 56/58/88 | 82) ge Diagnosis and remarks 
< 5 oS ral Cul eae ae Bo | = 2 
S| = | vo | ge] $8) 23/98 | 8B) as 
< cE ES |6e| 22| o> | 22) 68/68 
“ a 23 | >| $2] 8c] §3 | He | Ss | 
x 1) > 2 s on Sones ¥ a oe Be 
an < mE aga |&&|/ eMO;/ees | moO ]me]|H6 
M 4 | @2 A 75 | | Fallot’s tetralogy: angio. 
M 9 85/10 85/55 1:8 | 80 A 70 4 | | Fallot’s tetralogy: autopsy 
M 10 100/0 105/75 | 1:4 | 70 A | Fallot’s tetralogy 
F 2 120/0 135/80 2:0 oe | & 0 0 | Fallot’s tetralogy: autopsy 
M 26 78 A 58 7 Fallot’s tetralogy 
M 12 90/2 82/58 16°) 7 B 0 0 | Pulmonary atresia 
F 20 125/ 127/70 4-0 80 | B 60 0 | Pulmonary atresia 
F 24 | 88 B 65 | Pulmonary atresia 
M 40 105/3 105/50 4:5 70 B | Pulmonary atresia: operation 
F 9 100/5 2-0 83 0 5 | Pulmonary stenosis rev. I-A shunt 
F 13 150/0 1-0 70 B 0 0 | Pulmonary stenosis: autopsy 
M 17 105/90 1:7f| 60 B 8 | Tricuspid atresia 
F 8 24/0 | 100/70; 18); 86 | A 75 5 | Reversed interatrial shunt 
F 14 R* 83 B 65 0 | Reversed interatrial shunt 
M 32 8/0 95/60 3-4 74 B | Reversed interatrial shunt 
F 13 90/ 85/0t 1:8 82 B 65 | Transposition+PS+ASD 
F 20 | 78 B 60 9 | Transposition+PS: angio. 
F 7 95/0 10:0 | 82 A 65 10 | Transposition+mild PS+ASD+ 
VSD 
F 17 75/5 95/55 | 10-0 85 B 72 0 | Transposition: dextrocardia ASD 
* Mean pressure. + Assuming O> uptake 250 ml./min. + LV pressure. 


Pulmonary Stenosis With Reversed Interatrial Shunt. Two patients with resting saturations of 
83 and 70 per cent were studied; both showed a Type B response and derived no benefit from 
squatting. Amyl nitrite had no effect on the arterial oxygen saturation. In one, amyl nitrite was 
given at catheterization and resulted in a rise in right ventricular pressure. This finding was also 
observed in two other patients with pulmonary stenosis and an intact ventricular septum. 

Tricuspid Atresia. Only one patient was studied. The arterial response to Valsalva’s manoeuvre 
was square wave in this patient, so that the change in saturation was of Type B. This patient 
derived benefit from squatting. 

Reversed Interatrial Shunt. These three patients had arterial saturations of 83, 86, and 74 per 
cent at rest. No adequate cause for the shunt from right to left was found. One had evidence of 
left ventricular hypertrophy and may have had a functional equivalent of tricuspid atresia. The 
change in saturation with Valsalva’s manceuvre varied but in two there was a fall in saturation on 
standing and a rise on squatting. 

Transposition. The four patients with this diagnosis had complicated lesions and the complete 
diagnosis was uncertain. In two the pulmonary blood flow was increased and in one of these the 
paradoxical effect of squatting and standing was well marked. 


SUMMARY 
The measurement of the effect of various simple manceuvres on the arterial oxygen saturation 
has been described. An ear oximeter was used to record the change in arterial saturation with 
Valsalva’s manceuvre, amyl nitrite inhalation, exercise, oxygen breathing, and changes in posture. 
Useful information about the presence and size of atrial defects can be obtained. In patients 
with uncomplicated atrial septal defect, shunt reversal after Valsalva’s manceuvre at rest indicates 
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that the defect is small. If shunt reversal only occurs after Valsalva’s manceuvre after exercise, the 
defect is moderate in size; and, if the defect is large, no shunt reversal occurs because the arterial 
pressure response to Valsalva’s manceuvre is square wave in type. Observation of the effect of 
Valsalva’s manceuvre on the arterial oxygen saturation is a simple means of checking whether an 
atrial defect has been completely closed at operation. 

The distinction between mild Fallot’s tetralogy and pulmonary stenosis with normal aortic root 
can be made by measuring the effect of exercise, amyl nitrite inhalation, and squatting on the 
arterial oxygen saturation. 

In patients with Fallot’s tetralogy, the arterial oxygen saturation falls precipitously on exercise: 
it falls about 5 per cent after amyl nitrite inhalation, and about 10 per cent on standing up from the 
squatting position after exercise. None of these changes occur in patients with pulmonary stenosis 
with normal aortic root. 

In cyanotic patients the difference between cyanosis due to lung disease and cyanosis due to a 
right-to-left shunt can be determined by measuring the effect of oxygen breathing on the arterial 
saturation. In patients with lung disease the arterial oxygen saturation rises rapidly and in an 
exponential manner to normal, while in patients with a shunt it rises slowly and in a linear manner to 
a level about 8 per cent above its initial value. 

In patients with a right-to-left shunt, a rough estimate of the systemic and pulmonary flows can 
be obtained. 

In patients with pulmonary hypertension and an intracardiac shunt, the level of the shunt can 
often be determined by oximetry, and in other cyanotic lesions information can be obtained that 
is sometimes helpful in arriving at a diagnosis. 


My thanks are due to the physicians of the National Heart Hospital for allowing me to study their patients and 
to Dr. Paul Wood in particular for helpful criticism. 
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That there is room for improvement in the medicinal treatment of angina of effort, no one will 
dispute. The clinical trial to be described was designed to test the efficacy of a khellin derivative, 
iproniazid, and the already widely used penta-erythritol tetranitrate, in the relief of anginal pain. 


THE DRUGS 
Penta-erythritol tetranitrate (P.E.T.N.) has the chemical formula 
CH,ONO, CH,ONO, 
% ‘\ ie 
C 
fr 


CH;ONO,  CH,ONO, 

It was first introduced into medical practice in Sweden during the recent war, and has been subjected 
to a considerable number of clinical trials (Balatre et a/., 1949; Winsor and Humphreys, 1952; 
Perlman, 1952; Plotz, 1952; Talley et al., 1952; Silber and Katz, 1953; Friedberg, 1953; 
Weitzman, 1953; Russek, et al., 1955; Winsor and Scott, 1955; Russek, et al, 1955; Rosenberg 
and Michelson, 1955; Cole et al., 1957; Fife et al., 1958; Riseman et al., 1958). Conclusions as to 
its efficacy have differed widely and this is no doubt largely due to the different criteria and techniques 
of investigation employed. In some of the recorded trials, the results have been based on exercise 
tolerance tests, and the cardiographic changes and the onset and severity of pain were taken as the 
criteria by which to compare the drug either with a placebo or with no treatment at all. In other 
trials, criteria included the patients’ own impressions, and their records of attacks of pain and con- 
sumption of nitroglycerine tablets over a period of weeks. In general, the use of controls has not 
been uniform, nor has a “‘ double-blind” technique been employed as a means of eliminating observer 
error. Where exercise tolerance tests were used, the results were largely favourable to the drug 
(Winsor and Humphreys, 1952; Weitzman, 1953; Russek ef al., 1955; Winsor and Scott, 1955; 
Riseman et al., 1958), while in other trials, results were less encouraging, particularly where more 
Stringent criteria and use of controls were employed. Weitzman (1953), whose use of controls did 
not include a ‘“‘double-blind”’ technique, found “‘ unquestionable and sustained improvement in one- 
fifth of the patients tested,” while Fife et al. (1958), employing a “double-blind” method, found 
the superiority of the drug to a placebo “at best marginal.” Penta-erythritol tetranitrate is 
said to be.more effective when given before, rather than after food, and in larger, rather than 
smaller dose, although side effects have been troublesome with the larger amounts (Russek et al., 
1955). 
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The khellin derivative, flavone-7-ethyl oxyacetate (recordil) was the most promising of a number 
of flavone compounds prepared by Dr. D. Recordati of Milan, and has the following structural 
formula: 

co 
H.c,—ooc—H,c—o-( Y )( ) 
“Fa Nas 
O 
Giordano and Turrisi (1956) considered that it had a coronary vasodilator effect 14 times greater 
than khellin and equal to that of amyl nitrite. They concluded, in a clinical trial on 18 patients, 
that it abolished the angina in 9, improved it in 6, and had no effect in 3. They also claimed that side 
effects were much fewer than with khellin. The trial was controlled by the use of a placebo, but 
full details of the design of the trial were not given. The dosage schedule employed was “one 15 mg. 
tablet a day, gradually increased over 7 to 8 days to 3 or 4 tablets daily (45 to 60 mg.), and given over 
a period of at least three months.” 

Iproniazid (1-isonicotinoyl-2-isopropyl hydrazine), a derivative of the antituberculous drug 
isoniazid, has similar antituberculous properties, but is also a potent inhibitor of amine oxidase. Its 
alleged value in the relief of angina is thought to stem either from its ability to prevent breakdown of 
adrenaline, nor-adrenaline, and serotonin (the “metabolic effect”—Cesarman, 1957) or from its 
ability to block the specific stimulus originating pain (“‘antalgic effect”). It is also thought to 
diminish the excitability or contractility of skeletal and cardiac muscle (Cossio, 1958). Beneficial 
side effects are said to be euphoria and increased appetite and weight. Toxic effects reported include 
muscle tremor, increased reflexes, constipation, dysuria, insomnia, dizziness, headache, orthostatic 
hypotension, peripheral neuritis, psychosis, jaundice, and intensification of pre-existing epilepsy. 
Cesarman (1957) reported complete relief of pain in 41 patients with angina of effort treated with 
this drug. No control with dummy tablets was done, the sole comparison being with periods when 
no drug was given. The dose used was 50 mg. three times daily, and the effect was manifest between 
the fourth and twelfth days. The electrocardiogram at rest and after standardized effort was said 
to show improvement. Cossio (1958) did use dummy tablets as well as iproniazid in a trial on 85 
patients, but iproniazid was invariably given first and a “double-blind” technique was not employed. 
He found that one-third of the patients lost all or nearly all their pain usually within a week, and some 
improvement was experienced by a further third. The electrocardiographic test, however, remained 
positive even though pain might no longer occur. 


DESIGN OF THE TRIAL 


The form of this trial fell into three parts as a result of two additions to the original plan. Initially 
the intention was to compare the effects of the khellin derivative with penta-erythritol tetranitrate and 
with a dummy, and accordingly, the first part of the trial was designed to this end. Later, because 
of the uncertainty as to the optimum dose of penta-erythritol tetranitrate, it was decided to extend the 
trial to test the effect of P.E.T.N. in a higher dosage. While this part of the trial was actually in 
progress an offer was received for a supply of iproniazid and for this reason the investigation was 
again prolonged so that the same patients could be used to test the efficacy of this drug. 

Comparison of Khellin Derivative, P.E.T.N.,and Dummy. It was not expected or intended that the 
drugs used would have a permanent effect upon the patients’ disease. The desired effect was the 
suppression of symptoms during the period of administration and it was thought likely that this 
effect would be short-lived. For this reason it was decided to administer the drugs consecutively to 
the same patients, and thus to eliminate the effect that the differences between individual patients, 
particularly differences in the severity of their angina, would have upon the results. It was possible, 
however, that the effect of a drug might persist for a period after its withdrawal, especially as it has 
been shown in previous trials (Evans and Hoyle, 1933; Weitzman, 1953; Cole et al., 1957) that any 
improvement that may occur, even with a dummy, is frequently maintained for some time after the 
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drug has been discontinued. It had also to be considered that in such trials patients might respond 
well to the first administered drug, whatever it might be, and then, becoming accustomed to the 
routine, give a less favourable response to succeeding drugs. Because of these considerations, it was 
decided to employ a “cross-over” design originally used by Williams (1949) in nutrition studies on 
cows. The three basic requirements of such a design were: (1) each patient should receive each of the 
three agents (khellin derivative, P.E.T.N., and dummy); (2) during each treatment period the same 
number of patients should be receiving each of the agents and (3) a period of treatment with each 
agent should have been preceded by a period with each other agent and by itself an equal number of 
times. 

There were six possible ways in which the three agents used for this part of the trial could be 
arranged in sequence. The design was such that each group of six patients should represent all 
these possible sequences. The particular sequence for each patient was determined from a pre- 
arranged list in which the sequences were arranged in random order within each group of six. The 
key to the order of tablets, which was unknown to the two physicians conducting the trial, was kept 
by the hospital pharmacist who entered each patient’s name on the key as he was included in the 
trial. 

“Treatment periods” consisted of a fortnight, but the first administered drug of any sequence 
was given for two “treatments periods,” and the results of the second fortnight only were used in 
the analysis. In this way, data for comparison of the three agents were drawn from the results of the 
second fortnightly period on the first agent and the succeeding fortnightly periods on the second and 
third. 

The three types of tablets used in this first part of the trial were not of identical appearance since 
the khellin derivative was only available in tablets bearing a brand mark. However, the P.E.T.N. 
was supplied without any distinguishing mark (so that it could not be identified with the commercial 
mycardol with which many of the patients were already familiar) and the dummy tablets were 
identical in appearance with the P.E.T.N. 

The khellin derivative was administered in a dose of one 15-mg. tablet three times daily after 
meals. P.E.T.N. was given before meals in a dose of one 30-mg. tablet three times daily, and the 
dummy tablets, one three times daily after meals. 

Extension of the Trial. As each patient completed the first part of the trial, he was given a further 
course of penta-erythritol tetranitrate in double the previous dose (60 mg. three times daily before 
meals) over a period of a fortnight. 

The introduction of iproniazid necessitated the employment of a separate design and control. 
Each patient was given this drug for three weeks and another dummy identical in appearance with it 
for another three weeks. The order in which they were given was again determined atrandom. The 
dose of iproniazid was one 50-mg. tablet three times daily, whenever it could be tolerated. In view 
of the possible side effects the patients were instructed to reduce the dose to two, or if necessary to 
one tablet daily if the drug upset them. In the event, 7 patients found it necessary to do this, and 
the dose taken in their case was the largest amount that could be tolerated short of 150 mg. daily. 
(It is characteristic of this kind of clinical trial that two patients found it necessary to reduce the dose 
of the dummy tablets, with regard to which similar instructions had been given.) 


METHOD OF CONDUCTING THE TRIAL 


It was decided to use the “double-blind” method of trial employed by Greiner et al. (1950) and 
the patient’s record card as modified by Lewis et a/. (1956). Neither the patients nor the physicians 
knew during the trial which drug was being given at any particular time. The record card was 
divided into a series of squares; the vertical columns were marked with each day of the week and the 
transverse columns with a description of the day in respect of pain—‘‘ same as usual,” “less than usual 
(good day),”’ “‘more than usual (bad day)” and “no pain at all.” The patient was required to enter 
on the card his own assessment of the efficacy of the drugs by placing a cross in the appropriate 
square each day, and in addition, to record daily the number of attacks of anginal pain he had 
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experienced, and the number of nitroglycerine tablets he had found it necessary to take. In this 
way it was possible to estimate for each period of treatment, the number of days pain-free, good, bad, 
or the same, the total number of attacks of pain and the total number of nitroglycerine tablets taken, 

At each attendance the patient was asked to give his own general opinion of the effect of the drug 
and to report any side effects. Twelve lead electrocardiograms were taken at each visit, and also 
in view of the alleged hypotensive effect of iproniazid (Cesarman, 1957) the blood pressure was 
recorded at each visit during the third part of the trial. 


SELECTION OF PATIENTS 


The patients invited to take part were typical cases of angina of effort due to presumed coronary 
atheroma. Care was taken to include only those in whom angina appeared to be in a stable 
state and who seemed capable of keeping a reliable record. As regular attendance as an out- 
patient was required, no patient with severe angina at rest or impending heart failure was included. 

Twenty-four patients began the trial but only 19 completed the first part and provided records 
suitable for analysis. Two died during the course of the investigation, probably of myocardial 
infarction, and three others had to be withdrawn because of bad record-keeping. Another patient 
sustained a myocardial infarct just as his trial with iproniazid was beginning and therefore took no 
further part. Two new patients were added to the iproniazid section of the trial from which 20 
record cards were therefore available for analysis. In all, there were 21 patients whose records were 
used for part or for all of the trial. Of these, 19 were men and 2 women. Their ages ranged from 
37 to 70 years with a mean of 51 years. Seven patients, on their first attendance, had a diastolic 
blood pressure higher than 100 mm. of mercury, and two of these were already receiving treatment 
with mecamylamine; this was continued in unchanging dosage. Two patients had cardiographic 
evidence of a previous myocardial infarct. 


RESULTS 


Effects of Khellin Derivative and Penta-erythritol Tetranitrate. As stated above, only 19 patients 
out of the original 24 completed the first part of the trial. In consequence, three of the groups of 
six mentioned in the design were incomplete. It would have been possible to substitute other patients 
and allot to them the necessary sequence of tablets to complete the groups of six; this was not done 
because the results from the 19 patients already available suggested that such a course was not worth 
while, and patients differed so much in their number of attacks of pain that the “carry-over” effect 
of a drug into the next period could not be calculated. In point of fact, with regard to the 19 patients 
whose records were available, each treatment had been preceded by each other treatment and itself 
approximately the same number of times, and the results for a particular agent were unlikely to have 
been biased by what had gone before. 

The results of this part of the trial are summarized in Table I. 


TABLE I 


RESULTS OF COMPARISON OF KHELLIN DERIVATIVE, P.E.T.N., AND DUMMY 





l 
Average number of days 


Tablets administered | Pain-free [With less pain) Unchanged | With more 





Average No. of | nitro-glycerine 





pain attacks of pain tablets 
Khellin derivative .. 3°5 5-4 4 1:2 | 24 23-6 
P.E.T.N. 30 mg. t.i.d. 2:7 6-4 3-6 1-3 | 22 20-6 
Dummy tablets if 4-6 4-6 3°9 0:8 23 21-7 
P.E.T.N. 60 mg. t.i.d. | 3-6 5-4 3-1 1:8 | 22 21 





Treatment period 14 days. Number of patients 19. 
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(a) Number of Attacks of Pain. There was no significant difference between the effect of the 
khellin derivative, P.E.T.N., and the dummy; the average number of attacks in a fortnight was, with 
the khellin derivative 24, with P.E.T.N. 22, and with the dummy 23. A separate analysis revealed 
that there was likewise no significant difference between the attacks of pain experienced by all the 
patients in each of the three consecutive treatment periods, irrespective of which tablets were being 
taken. The average numbers of attacks in the three fortnightly periods were respectively 23, 24, and 
22. These are so close that they cannot have influenced the treatment comparisons. Differences 
between individual patients were very great, ranging from two patients with one and ten attacks 
in six weeks and two others with 168 and 306. 

(b) Assessment of Each Day in Respect of Pain. There was no significant difference between the 
effect of the three substances on the number of days with more pain, on the number of days with less 
pain, or on the number of days in which the pain was unchanged. Again, for these criteria the fort- 
nightly periods did not differ significantly from each other, although individual patients differed 
greatly. 

The average number of pain-free days was with khellin derivative 3-5, with P.E.T.N. 2-7, and with 
dummy 4-6. This difference is significant (P<0-05). While one result out of a number of similar 
analyses being significant at the 5 per cent level is not uncommon, even with all drugs equally effective, 
it is interesting to note that the agent producing the greatest number of pain-free days was the 
dummy. 

(c) Number of Nitroglycerine Tablets Consumed. This criterion, which is probably less important 
than the others, also disclosed no difference between the effect of the two drugs and the dummy. 
The number of nitroglycerine tablets taken was understandably closely related to the number of 
attacks of pain. 

Effect of Penta-erythritol Tetranitrate in Higher Dosage. When the trial was extended to include 
a further period on the double dose of P.E.T.N. there was no significant difference by any of the 
criteria, between the results of this treatment and of those previously given (see Table I). The average 
number of attacks of pain in the fortnight was 22, the same as with the smaller dosage, and there 
was similarly no significant difference in the number of nitroglycerine tablets consumed. The 
average number of pain-free days was 3-6, the same figure as the average of the results from the 
three previous treatments. 

Effect of Iproniazid. As explained earlier, this part of the trial was conducted on 18 patients from 
the previous part and 2 additional ones, and the order of administration of drug and dummy was 
determined by a random method. Of the 20 patients, 11 received the dummy for the first three weeks 
and 9 the iproniazid. The results are summarized in Table II. 


TABLE II 
RESULTS OF COMPARISON OF IPRONIAZID AND DUMMY 
| | 


Average number of days | 








Average No. of 








Tablets administered | Pain-free | With less Unchanged | With more | Average No. of | nitro-glycerine 
pain | | pain | attacks of pain | tablets 
Iproniazid .. in 7:2 6-9 | 4-6 | 1:7 | 28 26-4 
(2-5) | (2:6) (1) (0-5) (7:8) | (7:8) 
Dummy a on 8-4 76 3°5 1-5 | 22 | 21.5 
1-1) (0-2) (7:8) (7:1) 


(2-4) (3-4) ( 





Treatment period 21 days (figures in brackets are the results from the last 7 days of each treatment period), Number of patients 20. 


The average number of attacks of pain in the 3-weekly periods was for iproniazid 28, and for 
dummy 22. These figures are not significantly different. There was also no significant difference 
between the two substances with regard to any of the other criteria. 
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It was also considered that owing to the delayed development of action of iproniazid (Cesarman, 
1957) and to a possible prolongation of this action after withdrawal of the drug, valid comparison 
between drug and dummy might only be obtained during the third week of each period. Because 
of that a separate analysis was made of the results of the third week of each treatment period. The 
average number of attacks of pain for both iproniazid and dummy was the same—7-8—and the other 
criteria likewise demonstrated no significant difference. 

The average numbers of attacks of pain sustained by all the patients in the first and second 3-week 
periods were 28 and 22 respectively, and in the last week of the two periods, 7-9 and 7-6 respectively, 
Neither difference is significant. As the dummy was administered to more patients in the first 
period, these differences can have no bearing on the slightly greater number of attacks of pain 
experienced with iproniazid. 


THE PATIENTS’ IMPRESSIONS OF TREATMENT 


The patients’ own impressions as to the efficacy of the different tablets were rather difficult to 
evaluate. The more intelligent patients assessed the effect of the treatments relative to the whole 
series, whereas others were apt to compare a particular treatment with that which had immediately 
preceded it. Statements of improvement or deterioration, therefore, needed to be qualified. 

During the first part of the trial and the extra period on the higher dosage of P.E.T.N., the 
patients assessed their progress as shown below. 


Drug Number of patients 
Better Worse Unchanged Not stated 
Khellin derivative es ae os he 9 3 5 2 
P.E.T.N. (single dosage) es ais a 6 5 7 1 
Dummy .. 5a Ay He oe es 8 4 6 1 
P.E.T.N. (double dosage) oe es ais 11 3 5 


The general trend would seem to indicate a slight preference for pentaerythritol tetranitrate in the 
higher dosage, but this could easily be attributed to chance. 

In the second part of the trial, the results again based on the patients’ own assessments, were 
virtually identical as regards iproniazid and the dummy tablets. 


Better Worse Unchanged 
Iproniazid .. a ree 14 4 2 
Dummy es es ue 14 5 1 


SIDE EFFECTS 


Khellin Derivative. Twelve of the 19 patients who received this drug did not complain of any 
side effects. Two complained of dizziness, one of whom also had nausea, and the remainder 
complained respectively of a warm glow in the mouth, heaviness in the arms, hot flushes, headache, 
and dryness of the skin. 

P.E.T.N. Penta-erythritol tetranitrate in single dosage produced no side effects in 9 patients. 
Three complained of nausea and gastric discomfort, and the various complaints of the remainder 
included palpitation, headache, dizziness, blurring of vision, substernal discomfort (after the tablets), 
salivation and waterbrash, and constipation. Each of these latter symptoms was experienced by one 
patient only. When taken in double the dosage P.E.T.N. produced headache in 7 patients, 2 of whom 
also complained of nausea. Further side effects on this dosage were palpitation, gastric discomfort, 
dizziness, tiredness of the legs, eructations of wind, vomiting, and sweating. Seven patients ex- 
perienced no side effects. 

Iproniazid. Of 20 patients receiving this drug, 5 complained of constipation and 4 of headache. 
One complained of a recurrence of epileptic fits, and another of a feeling of euphoria, “‘as though I 
had just had three gins.”” Other complaints included pruritus, nausea, a burning sensation in the 
hands, vertigo, and mental dullness. Several of these symptoms might be complained of by the 
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same patient. Only 5 had no side effects from iproniazid. In 6 patients there was a fall in systolic 
blood pressure of over 20 mm. Hg after the period on iproniazid. One of these was also receiving 
mecamylamine and another was suspected of having a myocardial infarct. 

Dummy. Side effects were also produced by the placebo tablets. In the first part of the trial 14 
out of 19 patients found no adverse effects from the dummy tablets. The remainder complained of 
drowsiness, flushing, aching in the spine, nausea, and slight looseness of the bowels. During the 
later part of the trial, only 10 out of 20 patients experienced no side effects with the dummy tablets. 
Five complained of constipation, 2 of headache, and 2 of blurred vision; other complaints were 
nausea, tiredness, abdominal pain, and dizziness. 


DISCUSSION 


Cole et al. (1957) have stated that when patients with angina are introduced into a clinical trial 
in which they have to make a daily record of the number of attacks of pain that they sustain, such 
a record will, in 50 per cent of instances and quite regardless of the order of the treatment, resemble 
a ski slope. This is defined as “an initial downward slope of decreased frequency of attacks, 
representing improvement during the first 11 weeks on the average, followed by a long plateau that 
usually remained at this lower level of pain frequency. The initial period of improvement is attri- 
buted to the psychotherapeutic effect of increased attention and solicitous care inherent in a research 
program as compared with routine clinical care.” The trial here described, by mixing drugs and 
dummies sufficiently, was designed to prevent such a ski slope from affecting the results. In the 
event the ski slope did not appear and only in the last period, when iproniazid and dummy were 
being given, was there a significant reduction in the incidence of attacks of pain; the incidence was 
greatly influenced by three rather severe cases. An improvement in the weather is as likely a cause 
for this as “increased attention or solicitous care”’ and the results are not affected by it. The portion 
of the trial in which a double dosage of P.E.T.N. was added, is open to valid criticism in that it is 
not possible to decide unequivocally whether the results in this period are solely the effects of the 
treatment or are possibly influenced by some other factor such as the psychological (depressing ?) 
effects of continuing the trial. For this reason the results from this part of the trial should perhaps 
be interpreted with caution. 

It would not be fair, however, to conclude from this trial that the drugs tested are entirely 
without influence on the coronary blood flow of patients with angina. The S~T changes produced by 
exercise in the electrocardigoram of such patients constitute a more objective criterion of adequacy of 
blood flow, and drugs with a good theoretical basis for being effective should not be wholly rejected 
until their influence upon such exercise tests has been evaluated. It is unfortunate that it is so 
difficult to arrange such tests in a safe and acceptable manner with all variables eliminated, including 
especially the instability of the disease process itself. The feature of coronary insufficiency that 
goes by the name of angina is, however, a subjective sensation and under the conditions of this trial 
none of the drugs tested has ameliorated it significantly. 


SUMMARY 


In a controlled “double-blind” clinical trial, a khellin derivative, penta-erythritol tetranitrate, 
and iproniazid were compared with dummy tablets for their effect upon angina. 

In the doses used no significant differences were found between the effects of these drugs and 
dummy tablets. 

Penta-erythritol tetranitrate was tried also in a double dose (180 mg. daily) but without significant 
improvement. 

The side effects produced by these drugs are described. 


Our thanks are due to Bayer Products Limited for supplies of P.E.T.N. (mycardol) and dummy tablets, to Dr. D. 
Recordati of Milan for the khellin derivative, to Roche Products Limited for the iproniazid (marsilid) and dummy 
tablets, and to Miss Garnett and her staff of the Pharmacy Department, Royal Victoria Infirmary, for very helpful 
co-operation in the clinical trial. 
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[proniazid (a derivative of isoniazid) was originally introduced because of its antituberculous 
properties, but for some time it has been known to have several other effects, some of which may be 
due to the fact that it inhibits mono-amine oxidase, the enzyme responsible for the inactivation of 
serotonin (5 hydroxy-tryptamine) and adrenalin. Recently, Cesarman (1957) noted great improve- 
ment in the anginal symptoms of a patient undergoing treatment with iproniazid for a depressive 
state. Subsequently he tried out its effect on 41 patients with severe angina, and claimed complete 
relief of symptoms within twelve days of starting treatment in all of them. Cossio (1957 & 58) also 
claimed improvement in 70 per cent of a similar series of patients. 

Unfortunately, neither series was controlled, and before accepting these results it is important 
that they be confirmed by more critical study. Accordingly, a double blind trial was devised, the 
results of which are the subject of this paper. 

Selection of Patients. Over 170 patients with angina of effort attending the Department of 
Cardiology were interviewed, from which a series of 52 (45 men and 7 women) were selected. All 
were suffering from moderate or severe angina of effort, which had not undergone any change in 
severity within the previous six months. Patients receiving reserpine and those suspected of being 
unreliable witnesses were excluded. 

Method. At the initial interview, the severity of the symptoms was assessed using normal daily 
activities and the daily consumption of trinitrin as indices. Each patient was given a card to record 
his trinitrin requirements over the following three weeks, and was asked to note any side effects and 
the time at which improvement, if any, occurred. In the event of more than trivial side effects, 
patients were instructed to stop taking the tablets and report immediately. 

The patient’s usual treatment (peritrate, diuretics, digitalis, etc.), was continued as usual, the only 
alteration being the addition of the trial tablets that consisted of 50 mg. of iproniazid with a similar 
tablet of lactose as a control. The dose prescribed was one tablet, three times a day, i.e. 150 mg. of 
iproniazid. The tablets were distributed through the hospital pharmacy, neither the patients nor 
investigators knowing which preparation was being dispensed first. All patients were interviewed 
after three weeks when the tablets were changed over and again after a further three weeks when any 
improvement was assessed with particular attention to the relative efficacy of the two courses of 
tablets. 


RESULTS 


Of the 52 patients who were started on the trial, 11 failed to complete it. This was due to aggra- 
vation of angina in two (both on the control tablets at the time) and the onset of myocardial infarc- 
tion in one: this patient was taking iproniazid but we have no reason to suppose that it was respon- 
sible. Seven patients complained of various side effects but only three of these were taking iproniazid 
at the time, the others receiving control tablets: the remaining patient failed to reattend and the 
reason could not be ascertained. The trial was completed by 41 patients and all of them could be 
placed in one of four groups as shown in Table I. 
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Of the 17 patients who experienced some improvement with both tablets, 4 considered iproniazid 
slightly superior, 4 preferred the control tablet, while 9 noted no difference. In 7 of the 10 patients 
who were most improved while on the control tablet, iproniazid had been given first. We therefore 
considered the possibility that the improvement was a delayed effect of the iproniazid, but the time 
of improvement (either immediate or only after 10 to 14 days) made this unlikely. 


TABLE I 
EFFECT OF IPRONIAZID IN PATIENTS WITH ANGINA 














No. of Percentage 
patients 
Improvement with iproniazid alone oe 11 26-9 
Improvement with control alone .. te 6 14-5 
Some improvement with both iproniazid and 
control oe a we os te 17 41-5 
No change .. de she ie i 7 17-1 
Total aS sg 4 41 100 





Those patients who improved with iproniazid did so between the third and seventh day, although 
a maximal effect was not always obtained in less than two to three weeks. 

Side Effects. These were noted by 26 patients while receiving iproniazid and included most 
commonly constipation and dizziness, but this was accompanied by hypotension in only three 
patients. Other complaints included impotence, headache, insomnia, lassitude, hunger, and 
dyspnea. 

Six patients complained of constipation while receiving the control tablet but in each case 
iproniazid had been exhibited first and may have been responsible. Others complained of dizziness 
(4 patients), headache (2), and lassitude (1), while receiving the control tablets, but in only one instance 
could iproniazid have been responsible. 


DISCUSSION 


The results of this double blind trial do not support the claims for the value of iproniazid in 
patients with angina pectoris put forward by Cesarman (1957) and by Cossio (1957). 

On iproniazid alone 26 per cent of patients were improved compared with 14 per cent who were 
strikingly improved on the control tablet, iproniazid having no apparent effect. Most patients 
(41°) were slightly improved with both the iproniazid and the control tablet, so that a total of 28 
patients (68°,,) improved on iproniazid compared with 23 (56%) who improved on the control 
tablet, there being no significant difference between these figures. These results underline the im- 
portance of adequate control in assessing any treatment for angina of effort, which is notoriously 
liable to improve, at least temporarily, no matter what treatment is given. 

Although the claims originally made for iproniazid do not seem justified, we cannot deny that 
it may benefit some patients. In view of the frequency of side effects, and their potential hazards, 
however, we would not advise its indiscriminate use, but it may be worth a trial in severely handi- 
capped patients in whom no other form of treatment has had any beneficial effect. 

We wish to thank Dr. A. Morgan Jones, Director of the Department of Cardiology, for permission to study the 
patients who participated in the trial, and Dr. E. G. Wade for his helpful criticism. 


We also wish to thank Dr. Marks of Roche Products Ltd., for supplying both the iproniazid and control tablets, 
and Mr. Lloyd of the hospital pharmacy for undertaking the distribution of the tablets. 


REFERENCES 


Cesarman, T. (1957). Arch. Inst. Cardiol. Mex., 27, 563. 
Cossio, P. (1957). Pren. méd. Argentina, 44, 2679. 
—— (1958). Amer. Heart J., 56, 113. 














ro an. ae a, an en? 


' 


niazid 
itients 
refore 
e time 


10ugh 


most 
three 
and 


case 
ZiNeSS 
tance 


rid in 


were 
tients 
of 28 
ntrol 
e im- 
ously 
' that 
ards, 
andi- 


dy the 


blets, 

















ANNULAR CONSTRICTIVE PERICARDITIS 


With an Account of a Patient with Functional Pulmonary, Mitral, and 
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Five patients with constrictive pericarditis are described, in whom the main constriction was 
found at operation to be concentrated in an annular band forming a hoop around the pericardial 
sac, at the level of the atrio-ventricular grooves. In four of them, although the constriction was 
predominantly at this annulus, the effect on the heart was similar to that resulting from more 
generalized constriction. In the fifth, signs of functional pulmonary, mitral, and aortic stenosis 
developed seven years after the original operation for constrictive pericarditis, due to a double 
annular constriction, encircling the heart at the atrio-ventricular groove and also the root of the 
aorta and pulmonary artery. 

The five patients were under the care of Dr. William Evans and of Mr. Vernon Thompson, 
who operated upon them. Pre-operative investigation included postero-anterior and lateral 
radiograms, an electrocardiogram, and a phonocardiogram. In addition, cardiac catheterization 
was carried out before operation in two and in one it was repeated after operation. 


CLINICAL FEATURES 


The patients were all male and their ages, at the time of operation, were 13, 46, 47, 54, and 
66 years respectively. The boy, aged 13 years, who developed functional pulmonary, mitral, 
and aortic stenosis, will be discussed separately. 

In two of these four, aged 46 and 54, the diagnosis was made on finding a calcified 
pericardium in the radiogram, the symptoms being effort dyspnea only, without edema. In 
addition, the older patient had a definite history of pericarditis at the age of 14 years; the younger 
had had a long and serious illness at the age of 17, which may have been complicated by 
pericarditis. In neither was there a family history of tuberculosis. 

In spite of the absence of edema, both patients had a raised venous pressure. This measured 
10 cm. above the sternal angle in the older and 5 cm. in the younger, when lying at 45° to 
the horizontal. The liver was enlarged one to two finger-breadths in both. In the jugular 
venous pulse, there was a clear early diastolic dip, and, on examination of the precordium, a 
diastolic rapid inflow beat was noted, accompanied by an early diastolic sound (Fig. 1) (Potain, 
1856; Mounsey, 1955 and 1957). The radiogram showed annular calcification of the pericardium 
around the middle of the pericardial sac, the plane of the ring lying sagitally, the posterior portion 
being slightly to the left and the anterior slightly to the right of the mid-line (Fig. 2). In both 
patients pulsation of the apex of the heart appeared relatively free on screening. The general heart 
size was normal in the younger patient and the electrocardiogram showed low voltage T waves in 
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Fic. 2.—Right lateral, postero-anterior, and left oblique radiograms, 
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all leads with bifid P waves (Fig. 3). In the older patient the heart was enlarged and atrial fibrilla- 
tion was present with right bundle-branch block. In addition, he had signs of associated aortic 
regurgitation with left ventricular enlargement. 

The diagnosis was made on the history and symptoms in the other two patients, there being no 
certain evidence of pericardial calcification. Both had had considerable cedema and effort 
dyspnoea. The older, aged 66 years, had an attack of chest pain six years before, initially 
diagnosed as cardiac infarction, but later ascribed to pericarditis. The younger, aged 47 
years, had developed generalized oedema seven 
years previously, without obvious cause; this —i4—;—— ¢Rd 
subsided after a few months, only to recur four mentite: atone mse a 1 } 
years later, when pleural effusions also devel- f ; 
oped. A diagnosis was made of constrictive 1 ; | | 
pericarditis following an acute pericardial food t - } 
effusion four years previously. There was no , Hi 























past or family history of tuberculosis in either 
patient. OTHE: TAR Fs i | 
The signs of constriction were more marked Nu 
in these two patients than in the first two 
described. The jugular venous pressure was i 
raised to the level of the ears and the liver — 4] a-sesmtny hemp cR—_ } ; 
enlarged three to four finger-breadths below the —— 
costal margin. Both had a clear early diastolic 
dip in the jugular venous pulse, a diastolic rapid Fic. 3.—Pre-operative electrocardiogram, showing low 
inflow beat, and an early diastolic sound. Radio- T waves and bifid P waves, in a patient with 
: : a annular constrictive pericarditis and little general- 
grams showed slight generalized cardiac enlarge- ized pericardial involvement. 
ment with active pulsation of the heart in both 
patients on screening. In the younger, this free pulsation was thought initially to weigh against 
the diagnosis of constrictive pericarditis. Both patients had chronic pleural effusions. In the 
older there was a small speck of calcium on the upper left border of the heart, suggestive, 
although not diagnostic, of pericardial calcification. The electrocardiograms were compatible 
with constrictive pericarditis, showing generalized low voltage T waves and atrial fibrillation. 
Cardiac catheterization was carried out in the older patient and revealed a pulse wave form in 
the right heart compatible with constrictive pericarditis. The mean right atrial pressure was 
20 mm. Hg, with an early diastolic dip, the right ventricular systolic pressure 50 mm. Hg, and the 
cardiac output four litres a minute. 




















FINDINGS AT OPERATION 


In all four patients a ring of greatly thickened pericardium was found around the middle of the 
pericardial sac. It passed across the base of the heart over the conus of the right ventricle, about 
2:5 cm. below the pulmonary valve. It was attached laterally over both atrial appendages and then 
passed down into both atrioventricular grooves. It was not possible to trace its continuation 
posteriorly at operation. The ring was calcified in two of the patients, cartilaginous in one, and 
fibrous in the fourth. 

The apical portion of the pericardium and that over the body of the ventricles showed evidence 
of old inflammation in all patients; it was moderately adherent and thickened in the two with a 
calcified ring, but was not adherent and hardly thickened in the other two. Inspection of the 
ventricular movement showed vigorous early diastolic filling, suddenly halted and abruptly checked 
by the restricting bands of thickened pericardium. 

When the constricting ring was cut, the two divided ends sprang apart, and this was particu- 
larly striking in the two patients, whose ring was calcified. In one, the edges separated by as 
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much as an inch, revealing a ridged furrow in the heart muscle beneath, with post-stenotic dilata- 
tion of the right ventricular outflow tract on the distal side of the ring, and proximal to the pul- 
monary valve. The heart beat appeared to improve in all four patients, as soon as the ring was 
divided. In two, no further pericardial stripping was thought necessary, while in the remaining 
two the thickened adherent pericardium was stripped from the ventricles, with further improve- 
ment of the heart’s action. 

Pericardial biopsy in every case showed evidence of chronic inflammation, but no clear signs of 
tuberculosis. 


POST-OPERATIVE RESULTS 


All four patients have improved following operation. The two patients presenting with calcifi- 
cation of the pericardium and effort dyspnoea, but no cedema, have now been followed for two years. 
In the 46-year-old man, with sinus rhythm and with a normal sized heart, the jugular venous 
pressure fell from 5 cm. above the sternal angle to near normal after operation: he is now free 
from symptoms. In the 54-year-old man, similar improvement in physical signs followed operation, 
but not to the same degree, the venous pressure falling from 10 to 3 cm. above the sternal angle: in 
this patient the signs of aortic regurgitation persisted. 

Of the two patients without pericardial calcification, the younger, 47-year-old, has now 
been followed for ten years since operation and remains healthy. The 66-year-old patient has 
been considerably improved by operation; the jugular venous pressure has fallen from 12 to 5 cm. 
above the sternal angle and the diastolic rapid inflow beat and early diastolic sound have become 
smaller and later in time (Fig. 1). It is too early yet, however, to assess the success of operation. 


FUNCTIONAL PULMONARY, MITRAL, AND AORTIC STENOSIS 


The fifth patient differed from the other four, for at the time that the constricting annulus 
developed in his pericardium, he had already had a partial resection of his pericardium for con- 
strictive pericarditis. 

There was a strong family history of tuberculosis and, when the patient was three years old, the 
father died of open pulmonary tuberculosis. At the age of four, the child developed a tuberculous 
pericardial effusion, fluid from which gave a positive guinea-pig test. A year later he had a bilateral 
mastoid operation for chronic tuberculous otitis media. Two years after the original pericardial 
effusion, he had developed signs of established constriction, the jugular venous pressure being raised 
to the level of the ears and the liver enlarged to three to four finger-breadths below the costal margin. 
The radiogram showed considerable calcification over the posterior portion of the heart. 

At the first operation the pericardium was cleared from the ventricles, as far as the atrio- 
ventricular groove. The visceral pericardium appeared raw red in colour, suggesting inflammation. 
The pericardium over the back of the heart and in the atrio-ventricular groove was thickened and 
calcified, and, on incising it, caseating matter was found, but no tubercle bacilli were seen in the 
specimen examined. No attempt was made to remove this portion of the pericardium, the ven- 
tricles having been satisfactorily freed. 

The immediate result following this first operation was good and the patient eventually went to 
an open air school. During the next nine years, when he continued to attend the outpatient 
department at regular intervals, signs of inflow and outflow tract obstruction gradually developed. 
Before operation, no murmurs were heard, but within three months of operation, soft atrial systolic 
and mid-diastolic murmurs appeared at the apex, which gradually grew louder over the next five 
years (Fig. 4). These signs suggested mitral stenosis, but in view of the history of tuberculous peri- 
carditis with residual pericardial thickening in the atrio-ventricular grooves, it was thought possible 
that the stenosis resulted from external compression of the thickened inflamed pericardium, rather 
than from a rheumatic process. 

After five years the patient began to complain of increasing breathlessness and ankle oedema. 
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Fic. 4.—Serial phonocardiograms of patient R.L. from the mitral area (MA): 6.1.50, before operation: 11.12.50 
and 25.2.53, after operation, showing the development of a mid-diastolic murmur (MDM) and an atrial 
systolic murmur (ASM). SM=systolic murmur: EDS=early diastolic sound: 1, 2, and 3=first, second, and 
third heart sounds: HF and LF=high and low frequency filters. 
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Fic. 5.—Serial phonocardiograms of patient R.L. (continued from Fig. 4): 25.2.53, showing loud murmurs (ASM, 
SM, and MDM) in the mitral area (MA), and in addition a basal systolic murmur (SM) with widely split 
second sound (2xx): 24.7.57, where the basal systolic murmur has increased in intensity: 30.10.57, after the second 
operation, showing great diminution in both mitral and basal murmurs. 
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It was now noted that he was developing signs of pulmonary stenosis, in addition to those of mitral 
stenosis, and since this lesion is hardly ever acquired as a result of rheumatic infection, it was 
thought likely that this also was due to external compression by pericardial bands. An alternative 
diagnosis was an argentafinoma, but the urinary 5-hydroxy-tryptamine test was within normal limits 
and excluded this diagnosis. 

On examination, the jugular venous pressure was found to be raised to a mean level of 7 cm. 
above the sternal angle, with large a and c waves: the liver was enlarged two finger-breadths 
below the costal margin and pulsated. On auscultation, there was a loud basal systolic murmur, 
of rhomboid shape in the phonocardiogram, with wide splitting of the second heart sound (Fig. 5). 
The apical systolic and mid-diastolic murmurs were unchanged. Screening showed constriction of 
the pulmonary outflow tract, with concertina-like motion of the ventricles and see-saw movement 
of the heart about the point of constriction. The radiograms showed ballooning of the ventricles, 
particularly the right, beneath the point of constriction, and this was most apparent in the lateral 





PA 
28. |. 49. 24. 7. 57. 


Fic. 6.—Radiograms of patient R.L., showing development of constriction (large arrow) at the root of the pulmonary 
artery, following first pericardectomy. 28.1.49, one year before first operation: 24.7.57, before second operation. 
Smaller arrows point to ballooning of right ventricle below constriction. 


views (Fig. 6). Residual calcification was noted over the back of the pericardium. The electro- 
cardiogram was compatible with the diagnosis of acquired functional pulmonary stenosis, sug- 
gesting development of right ventricular preponderance, which had not been present previously 
(Fig. 7). In addition, besides the evidence of old pericarditis and inverted T waves in leads II, 
III, CR1 and CR4, it revealed a most unusual electrical position of the heart, thought to be due to 
herniation of the ventricles through the constricting pericardial annulus. 

The patient became increasingly breathless on exertion and two years later, seven years after the 
original operation, developed right heart failure with functional tricuspid regurgitation. The 
systolic murmur at the base of the heart was now clearly conducted up into the neck and it was 
thought possible that he might also be developing functional aortic stenosis, in addition to the 
other functional valve lesions. 

The patient was brought into hospital for investigation and for a second operation on the 
pericardium. Cardiac catheterization confirmed the diagnosis of functional pulmonary stenosis, 
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2.1.50. 31.1. 56. 


Fic. 7.—Electrocardiograms of patient R.L.: 12.1.50, before first operation: 31.1.56, 14 years before second operation, 
suggesting development of RVP, as well as positional changes and evidence of old pericarditis. 


the right ventricular pressure being 125/5 mm. Hg and the pulmonary arterial pressure 25/12 mm. 
Hg. It was not possible to obtain a pulmonary capillary trace to confirm the presence of functional 
mitral stenosis. The right atrial pressure curve was compatible with functional tricuspid 
regurgitation. 

A second operation was carried out, when the clinical diagnosis was confirmed. The ventricles 
bulged forward and to the left like a balloon and there was a tight constriction around both the 
aorta and the pulmonary artery at their origins (Fig. 8). Bands of thickened pericardium con- 
nected this constricting ring around the outflow tracts to the atrio-ventricular grooves on either 
side, and the mitral valve area was compressed and drawn upwards toward the outflow tracts. 
The aorta, pulmonary artery, atrio-ventricular grooves, and the mitral area were freed by careful 
dissection. Although the heart then assumed a more normal shape and relationship to the out- 
flow tracts, a rather acute angle remained between the conus area of the right ventricle and the 
pulmonary artery. 

After the second operation the patient was again examined by cardiac catheterization and it was 
found that the right ventricular systolic pressure had fallen from 125 mm. to 55 mm. Hg. It 
was not possible to enter the pulmonary artery at this investigation. 

The patient is now restored to normal health, the signs of right heart failure having cleared. 
The basal systolic murmur and the systolic and diastolic murmurs in the mitral area persist, but are 
much softer (Fig. 5). Screening shows active cardiac pulsation as before, but no great con- 
striction in the region of the outflow tract. 
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Fic. 8.—Sketch of film of patient R.L. at second operation, showing pericardial constriction, (1) in A-V 
groove, and (2) around base of aorta and pulmonary artery. Note ballooning of right ventricle 
below constriction. 


DISCUSSION 


In all five patients the site of the annular pericardial thickening was similar, the main ring of 
thickening encircling the base of the ventricles at their junction with the atria and the pulmonary 
outflow tract. In only one did it also encircle the two outflow tracts, passing behind the aorta 
and pulmonary artery through the transverse sinus. 

Friedberg (1949) states that pericardial calcification in constrictive pericarditis is commonest in 
the coronary sulcus, over the diaphragmatic surface of the right ventricle, over the right atrium, 
and over the sternal surface of the right ventricle in the order mentioned. Evans and Jackson 
(1952) stress the finding of calcium over the left border of the heart and note that calcification 
sometimes appears as a cup holding the heart in the left oblique view, where an incomplete ring is 
seen. They mention that occasionally a completed ring of calcium is seen resulting from calcifica- 
tion in the atrio-ventricular groove. Plum ef al. (1957) describe a similar distribution of calcifica- 
tion in constrictive pericarditis, emphasizing the cup or J shaped appearance, due to the continua- 
tion of the calcification in the coronary sulcus, lying between the left atrium and the left ventricle, 
with that on the diaphragmatic surface of the right ventricle. 

Friedberg suggests that calcification occurs most frequently in these areas, since they are the 
zones where least movement of the heart takes place. Observations of the movement of the heart, 
however, during operations with the pericardium open, suggest that the reverse may be true. 
Although these are the areas of the cardiac silhouette that show least movement on screening of the 
heart, they are probably the areas of greatest friction between the visceral and parietal layers of 
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pericardium. When the heart is watched at operation, its action appears in some ways similar to a 
force-pump, the atrio-ventricular and semilunar valve rings moving toward the apex during systole 
and away from it during diastole. During systole the semilunar valve rings are drawn downward 
toward the ventricular cavities, the ascending aorta and pulmonary artery lengthening and the 
ventricles shortening. In diastole, the semilunar valve rings rise again, as blood flows forward 
out of the ascending aorta and main pulmonary artery. Similarly the movements of the atrio- 
ventricular rings are co-ordinated with the forward movement of the blood from atria to ventricles: 
the rings move backward toward the atrial cavities in diastole, when the atria are emptying into 
the ventricles, but forward into the ventricular cavities during ventricular systole, when the blood 
is being squeezed out of the ventricles. The areas of the exterior of the heart overlying the four valve 
rings are, for this reason, those at which the greatest movement takes place. In the normal heart, 
therefore, movement of the visceral upon the parietal layers of pericardium might be expected to be 
greatest in these areas. Hence in the presence of pericarditis, friction of the inflamed surfaces of 
the visceral and parietal pericardium will be greatest here also, thus giving rise to a more intense 
inflammatory reaction. 

In the patients described in this paper, the predilection for increased inflammatory reaction, 
with subsequent fibrosis and calcification, around the base of the ventricles was unusually great, 
with the result that a ring of rigid pericardium completely surrounded the heart at this level. 
Although the pericardium of the more distal portions of the ventricles was relatively little involved 
in two of the patients and only to a lesser degree in another two, generalized effects of constrictive 
pericarditis resulted. This is probably explained by the fact that for free, normal filling to take 
place, free movement of the atrio-ventricular valve rings must be possible, since these movements 
are an essential part of the smooth force-pump action of the heart. 

Patients with annular constrictive pericarditis may prove difficult to diagnose, especially in the 
absence of calcification, if too much emphasis is placed on the presence of a still heart on screening. 
In fact, many patients with constrictive pericarditis have very active pulsation during systole and 
early diastole. McKusick (1952) has shown that in constrictive pericarditis the electrokymogram 
shows a distinctive pattern, which is of a V shape followed by a plateau. The downward stroke of 
the V is due to ventricular contraction in systole, the upward stroke to sudden early ventricular filling 
in diastole, after which, no further filling being possible as a result of the pericardial constriction, 
a plateau is inscribed during the remainder of diastole. This abnormal form of cardiac pulsation 
is especially well seen in patients with localized constrictive pericarditis and especially in three 
of the patients in this series. For the same reason all five patients had a striking diastolic 
rapid inflow beat and also a loud early diastolic sound, which are the clinical counterparts in the 
chest examination of the early abrupt arrest of ventricular filling in constrictive pericarditis. 

The fifth patient differed from the other four in that the residual thickened pericardium, after 
the body of the ventricles had been stripped at a first operation, caused obstruction to ventricular 
ejection and also inflow obstruction to ventricular filling. In this patient the main constricting 
annulus was in the same place as in the other patients, but this was connected to a second smaller 
ring, passing through the transverse sinus of the pericardium and encircling both the aorta and the 
pulmonary artery. It is likely that the successful freeing of the body of the two ventricles at the 
first operation tended to increase the relative constriction in the region of the pulmonary, aortic, 
and mitral valves. 

Functional mitral stenosis resulting from constrictive pericarditis was described by Paul et al. 
(1948). They reported a patient in whom a mid-diastolic murmur was present at the apex, and at 
autopsy slight mitral stenosis was found to have been caused by penetration of the calcified inflamma- 
tory process into the left ventricle, with impingement upon the mitral valve. Eliasch er al. (1950) 
described a similar case. It seems almost certain that the mid-diastolic murmur in the patient in 
this series was due to functional mitral stenosis from invasion of the mitral valve area by the fibros- 
ing and calcifying process in the pericardium, since dense pericardial thickening was found in this 
area at the second operation. 
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1 have been unable to trace a report of another patient developing functional pulmonary and 
aortic stenosis as a result of constrictive pericarditis. The rarity of this syndrome probably indi- 
cates that the transverse sinus is infrequently involved to any extent in the fibrosis consequent on 
pericarditis and so the secondary ring around the root of the great vessels does not form to constrict 
the aorta and the pulmonary artery. 

The excellent result following the second operation in this patient, when the functional stenosis 
at the mitral, pulmonary, and aortic areas was relieved by stripping off the thickened pericardium 
in these areas, emphasizes the importance of careful examination and full dissection of these sites 
in every operation for constrictive pericarditis. 


SUMMARY 


Five patients with constrictive pericarditis are described, in whom the main constriction was 
found at operation to be concentrated in an annular band forming a hoop around the middle of 
the pericardial sac. This band was related to the atrio-ventricular grooves and traversed the conus 
area of the right ventricle anteriorly. 

Symptoms of generalized constrictive pericarditis resulted in four of the patients, although the 
rest of the pericardium was relatively little involved. Removal of the band alone in two patients, 
and of more extensive areas of pericardium also in the other two, relieved the symptoms of 
constriction. 

It is suggested that the atrio-ventricular grooves and the conus region of the ventricles are those 
areas where most movement of the heart takes place and hence the areas where pericardial friction 
is greatest: as a result dense thickening might also be expected in these sites in the presence of peri- 
carditis. Free movement of the atrio-ventricular rings and the conus area of the ventricles is neces- 
sary for the normal free pumping action of the heart and tethering of these areas is sufficient to 
produce symptoms of constrictive pericarditis. 

The fifth patient developed signs of functional pulmonary, mitral, and aortic stenosis from 
external compression of the heart by two bands of thickened pericardium, which had been left at 
the first operation for constrictive pericarditis. These were divided at a second operation with 
relief of the functional stenosis. The importance of inspection and, if necessary, full dissection 
of the atrio-ventricular grooves, the conus area, and the transverse sinus of the pericardium in opera- 
tions for constrictive pericarditis is stressed, in order to avoid the possibility of this serious 
complication. 


I should like to thank Dr. William Evans, Dr. Wallace Brigden, and Mr. Vernon Thompson for their help and 
advice in the preparation of this paper, Professor Clifford Wilson, under whose care one patient was, and also 
Professor J. McMichael and Dr. Frederic Jackson, who kindly referred two of the patients. I should also like to 
thank Mr. William Dicks, Mr. Raymond Ruddick, and Miss Gwen Clarke for technical assistance. 
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Digitalis is one of the oldest and most widely used drugs in clinical medicine. Its action in 
congestive cardiac failure has been thoroughly studied by many workers. Its action upon the 
normal circulation, however, has received relatively little attention. The concept that it lowers 
cardiac output and reduces central venous pressure in normal subjects continues to be expressed 
by many workers. This view, based on studies employing older, often inadequate methods, has 
been neither confirmed nor disproved by means of existing hemodynamic techniques. This study, 
utilizing the technique of cardiac catheterization, was undertaken for the purpose of investigating 
the hemodynamic effect of digoxin upon the circulation in 12 normal subjects. 


MATERIALS AND METHODS 


All twelve patients were carefully investigated by clinical, electrocardiographic, and radio- 
logical methods, and in none was there any evidence of significant cardiovascular abnormality. 
Sedatives (0-1 g. sodium pentobarbital) were administered to five patients prior to the study. Special 
care was exercised that all measurements should be performed during a suitable post-absorptive 
steady state: that this was achieved is indicated by the small variation in duplicate control measure- 
ments prior to the administration of digoxin. Cardiac catheterization was performed in the usual 
manner. A branch of the basilic vein was dissected free under local procaine anesthesia and a 
large size (No. 9F) cardiac catheter was introduced and guided under fluoroscopic control into the 
right ventricle and pulmonary artery. Pressures were recorded using strain gauge transducers and 
a direct writing oscillograph (Sanborn). The tip of the catheter was then withdrawn to the centre 
of the right atrium. For the remainder of the study frequent or continuous records of right atrial 
pressure were obtained. The sensitivity of the system was adjusted so that a deflection of 1 cm. on the 
tracing was equal to 1 mm. Hg pressure change. The zero reference point was midway between the 
recumbent patient’s spine and the sternum. The reference point was rechecked at frequent intervals 
during the study. With the catheter tip in the right atrium, and when the patient had reached a 
satisfactory steady state after 15 minutes resting period, two control determinations of the cardiac 
output were made with a 15 to 20 minute interval between them. Oxygen consumptions were 
obtained by analysis of duplicate samples for oxygen and carbon dioxide in the patient’s expired air 
collected in a Tissot spirometer during a three-minute period. Midway during the air collection 
period simultaneous samples were withdrawn from the right atrium and brachial artery, the latter 
through an indwelling arterial needle. Duplicate analyses for oxygen and carbon dioxide were 
performed using Van Slyke and McNeill’s method. Respiratory quotients were calculated for each 
determination. Intermittent or continuous records of an electrocardiogram and, in eight patients, 
brachial arterial pressure tracings were obtained. 
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Following the control period digoxin, in a dose varying from 1-25 to 2-0 mg., was injected through 
the catheter over a five-minute period. Observations were made following the administration of 
the drug up to 45 and 90 minutes after the injection, the mean period being 54 minutes. Two further 
determinations of the cardiac output were made 15 to 20 minutes apart during the final half hour 
of the observation period. All determinations were made simultaneously. Heart rate, right 
atrial pressure, and arterial pressures were read from the record at the time of the determination 
of the cardiac output. 

The question of the reliability of the method used in this study in detecting circulatory changes 
that may have been brought on by the administration of the drug was given careful consideration 
and necessitated some ancillary observations. The reproducibility of the determinations of cardiac 
output in our laboratory has been studied and reported earlier (Selzer and Sudrann, 1958); it was 
shown that the median error for two determinations of cardiac output was 8-6 per cent and for two 
determinations of the arteriovenous oxygen difference was 4-8 per cent. These findings are similar 
to those of Harvey et al. (1949) and Donald et al. (1953), the latter investigators finding a standard 
error of a single observation to be 8-1 per cent. It is probable therefore that a difference of 10 
per cent or more between two successive determinations of cardiac output represents a change in 
output. Inasmuch as this study involved continuous measurement of central venous pressure, 
samples of mixed venous blood had to be obtained from the right atrium instead of the customary 
collection from the pulmonary artery. In order to determine whether the possibility of streamlining 
may have lessened the reliability of the mixed venous blood samples taken from that source, dupli- 
cate determinations were collected from the right atrium of 26 patients with normal or abnormal 
circulatory apparatus and their reproducibility tested in a manner similar to that of the 167 pairs of 
determinations taken from the pulmonary artery (Selzer and Sudrann, 1958). 

Finally, it was thought necessary to organize a control study of central venous pressure regarding 
the possible effect of the recumbent position during routine cardiac catheterizations. In 36 un- 
selected cardiac catheterizations, measurements of right atrial pressure were made at the beginning 
and the termination of the procedure. Patients who had elevated right atrial pressure and those 
on whom an exercise test was performed were excluded. The series consisted of 10 subjects 
without significant cardiovascular disorder and 22 patients with a variety of congenital or acquired 
cardiovascular conditions. The time interval between the initial and terminal determinations 
varied from 20 to 60 minutes, the average being 30 minutes, during which time the inactive patients 
were resting recumbent on the fluoroscopic table. 


RESULTS 


Of the 12 patients in the series, two developed a disturbance of cardiac rhythm during the 
study: one had a paroxysm of atrial fibrillation with a slow ventricular rate and one developed 
partial atrioventricular block with dropped beats. All patients had normal systolic blood pressures, 
normal right atrial pressures, and normal cardiac rates. Cardiac output was within the normal 
zone with the exception of case G.F., where it was 2-35 1./min./m.2. This patient’s study was 
performed during a paroxysm of atrial fibrillation, and it is probable that the abnormally low cardiac 
output was related to the arrhythmia. Three patients showed outputs within the range of 2-5 to 
2:8 |./min./m.2 which is considered normal for subjects of advancing age (Brandfonbrenner et al., 
1955). The data are summarized in Table I. 

It is seen from the Table that no significant change has been demonstrated in the mean values of 
any of the hemodynamic events studied. A statistical analysis of the data, shown in Table II, 
fails to show a significant trend. Yet, the mean arteriovenous oxygen difference and the cardiac 


output show a slight rise and fall respectively. It is obvious that the slight change is due to a signifi- | 


cant increase in arteriovenous oxygen difference of 13 per cent (F.B.), 23 per cent (B.C.) and 12 
per cent (R.N.) and due to a significant fall in cardiac output of 22 per cent (F B ) and 37 per cent 
(BC.). Right atrial pressure showed a slight, statistically not significant, fall that was caused 
by a fall of 2:1 mm. (H.B.) and 5 mm. (L.W.). The cardiac rate decreased significantly in four 
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TABLE I 


EFFECT OF DIGOXIN ON NORMAL CIRCULATION 




































































FINDINGS AFTER ADMINISTRATION OF DIGOXIN TO TWELVE SUBJECTS WITHOUT DEMONSTRABLE CARDIAC 
DISEASE 
ee : , 
No Age | Time | Op cons. | AV diff. | Cardiac | R.A.P. | Arterial Heart EC | Digoxin 
yr. ml./min. |ml./100 ml.) output mm. Hg | pressure | rate/min. mg. 
I/min./m.? | | mm. Hg | 
1.HB...| 6 | —20 222 5-0 2-45 6-5 130/81 78 
o3 234 5-0 2-59 6-0 134/90 78 1-25 
+30 224 4-9 2-53 43 143/88 77 
+50 239 5-5 2-40 4-0 129/90 80 
;cL...| 3 | => 229 4-5 2-76 5-0 110/80 90 
eg 235 43 2-98 6-0 118/90 86 2-0 
+15 232 5-2 2-44 4-0 108/78 92 
+30 242 4-6 2-87 4-0 116/50 92 
445 225 4-7 2-60 5-0 a 92 
3. L.B 28 | —20 308 5-4 2-69 3-0 me 10 
ns 276 5-1 2-56 4-0 is 64 2-0 
+20 278 53 | 2-48 3-0 md 64 
+40 284 5-8 2-21 3-0 oe 64 
4. RJ. 52 | —20 284 3-9 3-56 4-0 116/79 80 
sy 291 4-9 2-94 4-0 115/69 80 1-5 
425 285 4-4 3-22 4-0 121/73 16 
+45 243 4-0 3-03 4-0 129/73 14 
5. FB...| 59 | —20 242 5-7 2-48 2-7 120/65 77 
ns 210 45 2-73 2-7 125/65 83 1-25 
+30 205 5-8 2-05 3-4 124/70 79 
+50 211 6-0 2-05 3-4 137/75 78 
6BT...| 25 | —20 253 3-9 3-23 4-0 ee 88 
ie 262 3-9 3-36 4-5 a 88 2-0 
425 257 3-9 3-28 4-5 a 68 
+50 234 3-9 3-00 4-0 Sa 72 
7I.RN...| 25 | —20 249 38 3-41 4-0 125/82 90 
“~y 230 3-9 3-07 5-0 125/85 86 2-0 
+30 228 38 3-12 4-0 135/87 82 
+45 238 4-9 2-53 6-0 138/82 77 
8 LW... | 55 | —20 182 43 2-74 88 | 111/69 87 
in 163 4-5 2-35 52 | 112/69 86 1-5 
+30 163 3-9 2:72 27 | 134/76 82 
+50 169 4-1 2-67 2-5 146/86 87 
9BC...| 62 | —20 245 3-5 3-70 45 140/90 88 
ais 239 3-5 3-61 3-5 140/95 89 1-75 
+30 209 5-2 2:12 3-5 158/105 | 94 
+50 218 4-6 2-51 35 | 156/106 | 95 
10RH. | 20 | — ws 42 i. a ia a 
oe 200 3-9 3-50 43 _ 80 2-0 
+30 219 3-9 3-90 2-5 ines 14 
455 234 4-0 4-00 3-0 aa 65 
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TABLE I—continued. 





























No. Age | Time O2 cons. | AV diff. | Cardiac | R.A.P. Arterial | Heart | EC | Digoxin 
yr. | ml./min. im. /100 ml.| output | mm. Hg| pressure | rate/min. mg. 
| 1/min./m.2 | mm. Hg. | 
11. ES... | 21 = 183 3-2 4-05 om ral 70 ee 
— 228 3-7 4-32 5-0 133/71 | 75 ~ 1:5 
+30 | 221 3-9 400 | 40 124/70 65 
+63 | 208 3-7 3:95 | 3-0 111/50 60 
+90 219 3-5 4-10 6:0 128/50 | 55 
12. G.F. zi — 286 673 2-25 — | a 
— 312 6°4 2:45 3-0 ‘0 — 70 + 2-0 
+35 316 6:2 2:55 3-0 — 70 
+80 308 5:9 2:60 3-0 — 70 
Mean ..| — | — |B: 241 4-47 3-03 4-5 124/81 o7 |—| — 
— A: 235 4-67 2:89 3-5 131/77 75-6 





_ Figures in column “ time’’ indicate the number of minutes before (—) and after (+) the administration of digoxin. Figures in the bottom 
line represent mean values for all observations in each column, B, before, and A, after the administration of digoxin. 


TABLE II 


CONFIDENCE INTERVALS (95°%) OF INCREASE* IN MEASUREMENTS FOLLOWING ADMINISTRATION 
OF DIGOXIN IN NORMAL INDIVIDUALS 








Variable Confidence intervals Units 
Arteriovenous =e 
difference .. : ea —0-11 to +0-52 vol. per 100 ml. 

Cardiac index rie ee —0-246 to +0-092 | 1./min./m.2 
Stroke volume ae na: —7:47 to + 9-47 _| mi./beat 

Right atrial pressure re —1-72 to +0-21 mm. Hg 

Heart rate... es —8-47 to +0°31 | beats/min. 
Systolic arterial pressure sy —1-20 to +165 | mm. Hg 
Diastolic arterial pressure .. —5:26 to +7:76 | mm. Hg 





* A decrease is represented by a negative number. 


patients but the mean change for the group is not significant. The systemic arterial pressure in- 
creased 28 mm. (systolic) in one patient. Diastolic pressures rose in two patients and fell in two. 

It is noteworthy that the changes in the various hemodynamic measurements that have been 
observed did not all occur in the same patients. The patient who exhibited the 5 mm. fall in right 
atrial pressure was not one of the two who experienced a fall in cardiac output. This patient 
did, however, have the most significant pressor effect of the entire series. Except for this possible 
relationship, the appearance of the electrocardiographic changes, the mild pressor response, the 
effect upon the cardiac rate, the fall in cardiac output, and the decrease in central venous pressure 
were unrelated to each other. 

Findings in the two control studies were as follows. A comparison of the reproducibility of 
duplicate determinations of right atrial blood in 26 cases with that in 167 cases in which samples 
were drawn from the pulmonary artery (Selzer and Sudrann, 1958) showed no significant difference, 
the median error of two determinations of right atrial blood being 1-7 per cent and of pulmonary 
arterial blood 1-9 per cent. The second control study dealing with the determination of right atrial 
pressure at the beginning and at the end of a cardiac catheterization study showed a trend in that 
the later reading showed lower values than the earlier one. This is presented in detail in Fig. 1, 
in which findings in the 10 normal subjects and in 26 cases with cardiac disease but not with right 
ventricular failure are presented: it shows that right atrial pressure fell 26 times, remained the 
same 6 times, and rose 3 times. 
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RIGHT ATRIAL PRESSURE 
( 32 CASES) 
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Fic. 1.—Graphic presentation of right atrial pressure at the beginning (A) and the end (B) of cardiac catheterization 


studies performed in 10 normal subjects and 22 patients with various forms of cardiac disease. Mean values are 
shown by the heavy line. 


DISCUSSION 


The results of this study show no significant difference in any of the measurements before and 
after the administration of digoxin, as shown by the statistical analysis presented in Table Il. How- 
ever, before interpreting this finding as showing that digitalis has no demonstrable action upon the 
normal circulatory system, it is necessary to review the method carefully. 

The dosage of the drug and the time of observation were comparable with those in other studies. 
The average amount of digoxin necessary to achieve single dose full digitalization in patients with 
cardiac failure is from 1-25 to 1-5 mg. (Goodman and Gilman, 1955). No patient in this study 
received less than 1-25 mg. and six received 2:0 mg. Eight of the 12 patients, including the two 
with transient arrhythmias, had electrocardiographic changes compatible with the digitalis effect, 
which suggested that an adequate dose of the drug was employed. It has been demonstrated that 
the effect of a single dose of digoxin given intravenously begins within 15 minutes and that hemo- 
dynamic changes are evident within 30 to 45 minutes after administration. It seems likely that 
these observations made on patients with cardiac failure also apply to subjects without cardiac 
disease; normal subjects should not require larger doses or longer periods of observation than 
patients in cardiac failure. 

The question as to whether measurements of cardiac output using the direct Fick method are 
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sensitive enough to detect slight changes in cardiac output caused by digitalis should be answered 
in the affirmative. It has already been pointed out that a 10 per cent change in cardiac output is 
well outside the variability of the method. Furthermore, it is noteworthy that magnitude and 
consistency of changes in cardiac output caused by digitalis in cardiac failure are considerable, as 
shown by data collected from various investigators studying cardiac failure, wherein an increase in 
cardiac output of more than 20 per cent occurred in over 70 per cent of patients studied (Selzer et al. 
in press). If digitalis had a significant depressant effect upon the cardiac output in normal sub- 
jects, a significant trend or a considerable fall in the majority of cases or both should be apparent 
in a study of 12 cases. The significant fall in cardiac output that occurred in two patients cannot, 
therefore, be attributed to the action of the drug, as it is much more probable that these changes 
represented a spontaneous variation in cardiac output which may occur coincidentally with changes 
in steady state (Selzer and Sudrann, 1958). 

The question of the reliability of right atrial samples as representing mixed venous blood admit- 
tedly has been approached only indirectly. However, an excellent reproducibility of duplicate 
samples as shown by the satisfactory closeness of the two determinations of the arterio-venous 
oxygen difference before and the two after the administration of the drug, further supported by close 
reproducibility of right atrial samples in 26 other patients, and by the fact that the mean arterio- 
venous oxygen difference for the series was normal (4-5 vol. per cent), implies strongly that right 
atrial samples are acceptable for the determination of cardiac output by the Fick formula. 

As pointed out, two patients showed an appreciable decrease in right atrial pressure following 
the administration of digitalis. Similar observations have been made occasionally, though not 
consistently, by others studying the effect of digitalis upon the normal circulation (Dresdale et al., 
1953) and by those studying the effeci of digitalis on compensated heart disease (Harvey et al., 1949; 
Lagerléf and Werk6, 1949). The demonstration in our control study, that there is a tendency for a 
fall in right atrial pressure in subjects recumbent for a long period of time, suggests strongly that 
all these findings in which the change suggested the action of the drug were probably caused by 
recumbency alone, and therefore represented an artefact. 

On the basis of the above consideration it is believed that the methods and techniques used in 
this study were sufficiently accurate, and the series of cases sufficiently large to detect a hemodynamic 
effect of digitalis upon the normal circulatory system, under basal resting conditions, if such an effect 
existed. The negative results of this study are further supported by three other series of observations: 
Ahmed et al. (1950) studied the action of ouabain in nine patients without cardiac disease and found 
no effect on right atrial pressure and no consistent effect on the cardiac output, which rose in three 
patients and fell in two. Harvey et al. (1949) found a fall in cardiac output in the two normal 
subjects studied, but no effect on right atrial pressure. Dresdale et al. (1953) found a fall in 
right atrial pressure in two of seven normal subjects and no consistent effect on the cardiac 
output. Thus a total of 31 subjects without evident cardiovascular disease had been studied 
regarding the hemodynamic effects of digitalis with the use of cardiac catheterization technique 
and the direct Fick method of determination of cardiac output without showing any consistent effect 
that could be attributable to the action of the drug. 

In view of these results, it is necessary now to review the studies that led to the acceptance of 
the widely held view that digitalis lowers the cardiac output and reduces venous pressure in normal 
man. Burwell et al. (1927) investigated the effects of the administration of 1-4 to 2:7 g. of digitalis 
in four normal subjects, performing daily determinations of cardiac output, using the CO, method 
of Field. In five such studies performed in the four subjects, a mean fall in cardiac output of 
16 per cent was observed although the decrease in four of the studies was less than this value. 
Stewart and Cohn (1932) employed the acetylene method of Grollman in seven studies on six 
patients: following the administration of digitalis, a mean decrease of 27 per cent in cardiac 
output occurred in six of the seven studies with a maximum effect 4 to 24 hours afterwards. 
Rytand (1933) gave digitalis to eight normal subjects and measured venous pressure in the arm 
vein prior to the administration and at intervals up to four days afterwards: a mean decline of 
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2 cm. saline was noted from 24 to 36 hours after the administration, with a tendency to return to 
pre-digitalis levels on the third and fourth day. 

Although the indirect equilibration techniques of Field and Grollman may have been fairly 
reliable methods of estimating cardiac output in normal subjects (Werk6 et al., 1949; Chapman 
et al., 1950), the necessity of making repeated tests over a period of several days allowed many 
factors other than digitalis to influence the cardiac output. This was pointed out by Burwell (1927) 
who stated in commenting upon the results of his study “that the output of the heart remained, 
even after a lapse of weeks, somewhat below the pre-digitalis level, may be ascribed to greater 
co-operation and less effort on the part of the subject”. An inspection of Rytand’s (1938) data 
indicates that a slight fall in venous pressure occurred in five of nine studies. Here also it was 
necessary to make measurements over a period of two to four days to observe the peak effect of 
digitalis. Furthermore, subjects were studied in the supine position with the arm placed on the 
table at the same level as the back. It has been clearly demonstrated by Ryder et a/. (1944) that in 
many normal subjects, especially when the arm is below the right atrium, collapse of the vein at the 
shoulder may occur. The pressure in the vein distal to this point then no longer reflects central 
venous pressure but local tissue pressure at the point of compression of the vein. The changes 
observed by Rytand (1933) therefore may not have reflected changes in central venous pressure, 
but may have been caused by alterations in segmental venous pressure, tissue pressure, or even 
postural changes. 

In addition to fall in cardiac output and decrease in venous pressure, Stewart and Cohn (1932) 
also observed a decrease in cardiac size. The basis for this observation was a comparison of 
antero-posterior radiograms of normal subjects before and after the administration of digitalis. The 
estimation of cardiac size from one-dimensional roentgen films is notoriously inaccurate because 
of the indeterminable influence of the phase of cardiac cycle, the position of the diaphragm, and the 
effect of breath-holding upon the cardiac shadow. 

Thus, the widely held views regarding the action of digitalis on the circulation of normal man 
are that digitalis (a) lowers the cardiac output, (b) reduces the cardiac size, and (c) lowers venous 
pressure. The most widely accepted interpretation of these observations, that by Stewart and Cohn 
(1932) is that digitalis either reduces cardiac size by increasing the “diastolic” tone of the normal 
heart, thereby lowering the cardiac output, or that digitalis increases the strength of the cardiac 
contraction, reducing its size below the optimal efficiency with the resulting fall in cardiac output 
and decrease in venous pressure. An alternative interpretation, based on experimental studies of 
Dock and Tainter (1930) and accepted by Rytand (1933) suggests the fall in venous pressure caused 
by peripheral factors as the primary mechanism of the digitalis effect. It is noteworthy that most 
standard text-books and monographs dealing with various aspects of cardiac disease accept Stewart 
and Cohn’s view regarding the digitalis effect on the normal circulation and consider digitalis as exert- 
ing an unfavourable effect on the heart in the absence of cardiac failure (Stewart, 1952; Friedberg, 
1956; Fishberg, 1940). 

It is seen that the foregoing views are based on observations regarding slow digitalization in not 
more than 10 subjects, using older methods, which are neither sensitive nor accurate enough to 
assure a relationship between the observed changes and the administration of the drug. On the 
other hand, a combined series of 31 normal subjects showed no consistent changes in cardiac 
output and in central venous pressure in response to acute digitalis administration, using methods 
capable of demonstrating changes in these two parameters, if such existed. One is therefore justified 
in concluding that digitalis has no demonstrable effect upon resting circulatory dynamics in 
normal subjects. 


SUMMARY AND CONCLUSIONS 


Hemodynamic effects of digoxin have been investigated in 12 subjects in whom there was 
no clinical evidence of cardiac disease. The dose of digoxin varied from 1:25 to 2-0 mg. and 
the period of observation averaged one hour. More than half of the subjects showed the 
characteristic digitalis effect upon the electrocardiogram. 
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Measurements of cardiac output, central venous pressure, arterial pressure, and cardiac rate, 
before and after the administration of the drug, showed no statistically significant difference. 

The results of this study and of other observations employing current techniques suggest that 
digitalis exerts no significant hemodynamic influence upon the circulation in the absence of cardiac 
disease or failure. The still widely accepted views of the “ paradoxical” action of digitalis reducing 
cardiac output and exerting an unfavourable influence upon the normal circulatory system are 
examined critically and found no longer tenable. 
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Death from ventricular fibrillation is the gravest risk that attends the current use of hypo- 
thermia in surgery of the heart and brain. Any reliable warning of its approach would clearly be 
important. 

In 1938 Tomaszewski published electrocardiograms from an accidentally frozen patient that 
showed an extra, slowly inscribed deflection between the QRS complex and the early part of the 
S-T segment. This deflection was produced experimentally in dogs in 1943 by Grosse-Brockhoff 
and Schoedel, and has been described by several workers since, both in patients and in animals 
deliberately cooled. Osborn (1953) considered that it represented a current of injury caused by the 
acidosis that develops in hypothermic animals allowed to breathe spontaneously: he thought that 
it heralded ventricular fibrillation and was a very bad prognostic sign. This opinion has been 
repeatedly quoted and very recently Fleming and Muir (1957) considered that the association of 
the deflection with ventricular fibrillation was confirmed. This view received theoretical backing 
from the work of Hegnauer and his colleagues (Covino and Williams, 1955; Covino and Hegnauer, 
1955). They thought that during the time occupied by the deflection, the threshold of cardiac 
muscle to artificial stimulation was strikingly reduced. Hegnauer has, however, recently stated 
that these conclusions were invalid, since the experiments were carried out by a technique that 
gave rise to artefacts unrecognized at the time (Hegnauer and Covino, 1956). 

Although there is a danger that this cardiographic sign may be regarded as a warning of the 
onset of ventricular fibrillation, there have been few reports of the effect of deliberate hypothermia 
on the cardiogram of patients without heart disease (Lougheed et al., 1955; Gunton et al., 1956; 
Villamil et al., 1955, 1957; Emslie-Smith, 1956). Further, in the published accounts of the effects 
of hypothermia on the human cardiogram most workers seem to have followed changes in a single 
lead only, and the reported incidence of the characteristic deflection is very variable. The changes 
described in the S-T segment of the hypothermic dog are also varied and confusing. 

In order to assess the significance of this deflection more carefully it has been studied in hypo- 
thermic patients with normal hearts, and by the use of direct epicardial electrodes in hypothermic 
dogs. 

METHODS 

Hypothermia in Human Subjects. Five anesthetized patients, four of whom had no heart disease, were 
cooled by ice bags laid on the skin in preparation for craniotomy to arrest subarachnoid hemorrhage. 
There were 4 women and 1 man, aged 35 to 49 years. While the temperature fell the multiple-lead cardio- 
gram was continuously monitored in a cathode ray oscilloscope, and recorded when any change was seen. 
The technical details were described in a previous paper (Emslie-Smith, 1956) and the further subjects of 


* Edward Wilson Memorial Fellow, 1955-56. Present address: Dept. of Medicine, Postgraduate Medical School 
of London, Hammersmith, W.12. 

+ Late of the Dept. of Anesthesia, Alfred Hospital. 

t Sidney Jones Fellow, 1956. 
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the present report bring the number of the total series to ten patients, eight of whom were without heart 
disease. 

Hypothermia in the Dog. Hypothermia, in preparation for experimental surgery, was produced by skin 
cooling 55 times in 47 anesthetized dogs. Electrocardiograph tracings were recorded during cooling, but 
before any cardiac surgery was begun, on a direct-writing cardiograph (Electrite, Cambridge Instrv. 
ment Co.) from unipolar surface leads, and from cesophageal, direct epicardial, and intracavitary leads, 
Anesthesia was induced by intravenous pentobarbitone and maintained by nitrous oxide and oxygen, 
Respiration was controlled by hand or by an automatic respirator (Vivrator, Aga, Stockholm). (€so- 
phageal temperatures were read from a mercury thermometer or recorded from a thermistor. 

In 34 experiments moment-to-moment changes in lead aVF were noted by watching the oscilloscope 
during the whole of cooling. Unipolar precordial leads were recorded in 22 cases. In 17 experiments the 
thorax was opened and direct electrograms were recorded from the exposed epicardium of the ventricles, 
using as exploring electrode a soft saline-moistened wick attached to the unipolar exploring lead of the 
electrocardiograph. In 3 of these experiments changes in the epicardial electrogram were followed during 
the whole of the cooling procedure. In 4 experiments electrodes recorded the potentials in the cavities of 
the right and left ventricles. 

The pH of arterial blood was continuously measured in 9 dogs by shunting blood from the femoral 
artery to the femoral vein through a glass electrode system. In some experiments allowance for the tem- 
perature coefficient of the glass electrode cell, based on the cesophageal temperature, was made in the calcu- 
lation; in others the potentiometer was automatically compensated by means of a thermistor inserted in 
the electrode system. 


RESULTS 


Hypothermia in Human Subjects. The results in 5 further patients here reported are similar to those 
from 5 others described in a previous paper (Emslie-Smith, 1956) but included in the tables. In all cases 
the heart rate slowed with falling temperature, and the PR and QTc intervals increased. 

The characteristic slowly-inscribed deflection appeared in the early part of the S-T segment in some leads 
from all patients, though differing in degree and in the temperature at which it appeared. It was directed 
upward in leads related to the left ventricle. Although obvious in left precordial leads, it was sometimes 
not apparent in limb leads or was represented there merely by a widening of the base of the QRS complex. 
It grew in amplitude as the temperature fell and in one case it exceeded the R wave in lead V3. Whenit 
became very high the T wave became inverted. As in the series previously reported, it was most con- 
spicuous in the thinnest patient (Case 4). In all cases the changes were reversible on warming. 

A detailed description of the changes in the electrocardiogram in three representative cases follows. 

Severe Changes. Case 4 (Fig. 1). Before cooling. Normalsinusrhythm. The electrocardiogram was 
normal and showed a vertical heart position. During cooling. The intervals RR, PR, ‘‘QS” (see Table J), 
QT and QTc lengthened. At 35-2 °C. the slow deflection early in S-T appeared and subsequently increased 
in size. It was directed upward in leads I, II, III, aVF, and V3R to V5, downward in aVR and aVL. T 
became diphasic in leads I, II, III, aVL, and V5, and reversed in VI-V4 (downward). At 31 °C. the slow 
upward deflection in V3 had an amplitude of 2:13 mV and was actually higher than R. This patient was 
by far the thinnest person in the series, and his cardiogram showed the severest changes, although atrial 
fibrillation did not develop. 

Moderate Changes. Case 3 (Fig. 2). Before cooling. Normal sinus rhythm. The heart was in the 
intermediate position with slight anticlockwise rotation. The tracing was normal. During cooling. The 
intervals RR, PR, “QS,” QT, and QTc lengthened. At 36-25 °C. fairly frequent ventricular ectopic beats 
appeared, but become fewer, and eventually disappeared as the temperature fell. At 35-3° C. the slow 
defiection in early S-T appeared, and subsequently increased in size. It was directed upward in leads I, 
aVL, and V4, and downward inaVR. There was widening and ledging of the base of QRS in leads II, Ill, 
aVF, and V1. Atrial fibrillation occurred at 35:3°C. The appearance of frequent ectopic beats was 
unusual, but the changes in the form of the complexes were of the degree most commonly seen. 

Mild Changes. Case 2 (Fig. 3). Before cooling. Normal sinus rhythm. The heart was vertical with 
slight clockwise rotation. The tracing was abnormal in that T was directed downward in V3 and was 
diphasic in V4. During cooling. The intervals RR, PR, “QS,” QT, and QTc lengthened. At 32-5 °C. the 
slow deflection in early SN-T appeared, and subsequently increased in size. It was directed upward in leads 
I, aVL, and V4, with widening of the base of QRS in leads II, III, aVR, aVF, and V1. Changes as mild as 
these were very unusual. They might have been overlooked if serial records were not compared. 
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me leads | Fic. 1.—Case 4. Severe changes in the human electrocardiogram during cooling, showing at 31 °C. (rectal) con- 

directed spicuous slow deflections in early S-T (J deflections) directed upward in leads I, I, III, aVF, and V3R to V5, down- 
. I ward inaVR,aVL. T becomes diphasic in leads I, II, III, aVL, V5, and reversed in V1 to V4. The deflection 
swe ' in V3 at 31 °C. has an amplitude of 2:13 mV, and is higher than R. This patient was the thinnest of the series. 
complex. 


When it 
lost con- 
lows. aVR aVL aVF Vy Va 
ram was 
Table I), 
ncreased 
AVL. ¥ 37-4°C 
the slow 
fient was 
gh atrial 











is in the 
12. The 35°C 
Dic beats 
the slow 
| leads I, 
is IT, Ul, 
eats was 








28-8°C © 
ical with 
and was 
5 °C. the 
in leads Fic. 2.—Case 3. Moderate changes in the human electrocardiogram during cooling, showing at 28-8 °C. (rectal) 
; mild as the typical J deflection, directed upwards in leads I, aVL, V4, and downward in aVR, and the widening, 
with ledging, of the base of QRS in leads II, III, aVF, and V1. 

















346 EMSLIE-SMITH, SLADDEN, AND STIRLING 


TABLE I 
MEASUREMENTS FROM ELECTROCARDIOGRAMS OF TEN ANASTHETISED PATIENTS BEFORE AND AFTER COOLING 
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cue. | temps | Qameme | pe | sgn | ell 
é | (sec.) 
I “Normal” | 87 | 0-12 | 0-05 | 045 
| 29 | 37 | 023 | 005 | O55 
36-5 | 87 | 0-16 0-07 | 0-53 
+ 29 | 45 | 0-20 | 0-07 | 0-58 
36-5 | 71 | 0-12 0-03 | 0-48 
7 27-2 | 28 | 0-18 | 0-03 0-50 
36-6 | 105 0-14 | 0-05 0-48 
29 | 60 | 0-17 | 0-05 | 0-54 
36°8 104 | 0-14 | 0-04 0-49 
: 28:5 | 40 | 0-21 | 0-04 0-60 
38 | 97 | 0-16 | 0-04 “o 
, 29-3 | 36 0-16 0-05 0-55 
. 37-4 | 88 | 0-12 | 0-05 | 0-45 
% 288 | 45 0-15 | 0-05 0:55 
37-5 | 77 | 0-16 | 0-05 0-45 
. 31 44 0:20 | 0:05 0:54 
37-6 79 0:16 | 0-05 0:46 
; 31-5 34 0-23 0-07 0-54 
: 37-2 88 0-14 0-05 0-46 





32:8 55 0:20 0:06 0:55 





* Measured from the onset of Q to the end of the intrinsicoid deflection. Cases I-V belong to the previous 
series; Case 1-5 belong to the present series. 


Table I shows the measurements of the various electrocardiographic intervals of all 10 patients. Table II 
shows the relation between temperature and the onset of both atrial fibrillation and the characteristic 
“hypothermia deflection”’ in all 10 patients. In both tables the patients I to V are those reported in detail 
in the previous paper. 

Ventricular fibrillation did not occur. Neither in time of onset, nor in severity, did the changes in the 
cardiogram bear any relation to the onset of atrial fibrillation. 

Hypothermia in the Dog. From the epicardial and cavity electrodes two basic patterns of changes in 
the S-T segment were recorded during cooling (Fig. 4). Over most of the epicardium of both ventricles the 
T wave was directed downward, and as cooling progressed there appeared early in the S-T segment a slowly- 
inscribed upward deflection which increased in amplitude and duration. This pattern was sometimes seen 
in surface leads (Fig. 5, Type 1) and was similar to the pattern recorded from left precordial leads in the 
human subjects which showed the greatest changes. The second pattern resembled the first, but was 
opposite in sign, with the extra deflection directed downward, and an upwardly-directed T wave. This 
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Fic. 3.—Case 2. Unusually mild changes in the human electrocardiogram during cooling. Small J. deflec- 
tions are present at 29-3 °C. in leads I, aVL, and V4, and there is widening of the base of QRS in leads 
Il, II], aVR, aVF, and V1. 


Epicardial Electrograms. 
RV = TARM LM. 


sec {Vi SSS 


29.5C. 


28.5 C. oe 


DOG No 20 


Fic. 4.—Epicardial electrograms recorded during the pro- 
duction of hypothermia in a dog. The pattern of 
ST-T segment recorded from the left ventricle (L.V.) 
and most of the right ventricle (R.V.) resembles that 
seen in left precordial leads in Case 4. The pattern 
recorded from the trabeculated area of the right 
ventricle (TARY) is similar, but of opposite sign, and 
resembles that recorded from the ventricular cavities 

and the atrial epicardium. 
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RELATION BETWEEN TEMPERATURE AND ONSET OF Pg oe AND HYPOTHERMIA DEFLECTION IN MAN 
Temperature at which hypothermia _ Temperature at which atrial 
Case No. | deflection me | fibrillation occurred 
I | Small deflection present at normal 27:9 
temperature 
II | 30:3 _ 
Ill 32:3 -- 
IV 35:5 28-2 
V 33-2 29:5 
l 32:3 -- 
2 | 35-3 | 27:9 
3 | 35-2 _ 
4 34-6 29-0 
5 35-4 31:2 


Mean temperature at which atrial ‘fibrillation | occurred: 28: 9 °C, (s. d. ¥ 17). “Cases I-V belong to the previous 
series; Cases 1-5 belong to the present series. 
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Fic. 5.—Serial tracings at falling temperatures (°C.), showing three basic patterns seen in limb leads 
in hypothermic dogs. Types 1 and 2 resemble the two basic epicardial patterns (Fig. 4), Type 
3 is a combination of Types 1 and 2 (Fig. 6). The series, ‘‘d’’ shows a change from one basic 
type to another probably from alteration of the position of im heart during cooling. 
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pattern was recorded from the cavities of both ventricles, from the epicardium of the atria and of the 
trabeculated area of the right ventricle, and from cesophageal and some surface leads (Fig. 5, Type 2). 

Combinations of these two basic patterns were recorded by ordinary unipolar leads from boundary zones 
of the epicardium and from some surface leads (Fig. 5, Type 3). Similar combination patterns were repro- 
duced by leading each of the two basic patterns simultaneously into the electrocardiograph by fork leads. 

These changes always appeared in some leads at low temperatures. Consequently, when ventricular 
fibrillation occurred it did so after the appearance of these changes; but no correlation was found between 
the time of the onset or the severity of the changes and the onset of ventricular fibrillation. Further, in 
these experiments ventricular fibrillation was not constantly preceded by any particular arrhythmia, and 
usually sinus rhythm persisted until its sudden onset. 

The study of the pH of arterial blood showed no correlation between the pH level and the presence of 
the “hypothermia deflection” (Fig. 6). At low temperatures the deflection was found to be well developed 

















pH 7:35 pH762 pH 732 


Fic. 6.—The characteristic deflection appeared in hypothermic dogs irrespective of blood 
pH. (A) and (B) Left chest leads from dog whose pH was kept normal during 
whole of cooling: (A) 26°5 °C.; (B) 24-6°C. Notice resemblance to (C)and(D). (C) 
and (D) Direct epicardial leads at 28-5° C. from dog whose pH was kept normal dur- 
ing cooling: (C) mid RV; (D) trabeculated area RV. Hypothermia deflection well 
developed. (E) and (F) Surface leads at 24-5 °C. from an acidotic dog. ((E) aVF; 
(F) left chest). Hypothermia deflection absent from limb lead, obvious in chest lead. 
(G) and (H) Chest leads from (G) dog at 22:5°C. made progressively alkalotic by 
hyperventilation and from (H) dog at 26 °C. in terminal acidosis (unassisted 
respiration). 


in precordial leads in dogs whose blood pH was kept normal throughout the whole procedure by varying 
their ventilation. It was also well developed in dogs with unassisted respiration before terminal acidosis 
began, and in dogs made alkalotic by hyperventilation. In one dog that was allowed to become pro- 
gressively acidotic the deflection was present in precordial leads but absent from tracings from lead aVF 
(Fig. 6E and F).. 

The onset of atrial fibrillation or nodal rhythm did not alter the typical deflection. 

Three dogs of another series, which were given a similar anesthetic without hypothermia for five hours, 
showed no changes in the S-T segment that resembled those produced by cooling. 
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DISCUSSION 


The characteristic deflection of hypothermia has sometimes been named after Osborn who 
discussed it in 1953; it was, however, clearly described by Grosse-Brockhoff ten years earlier 
(Grosse-Brockhoff and Schoedel, 1943). In the vectorcardiogram of hypothermic man and dog 
it is represented by an extra loop (“J loop’’) involving the junction (J) of the QRS and T loops 
(Emslie-Smith, 1958). It may therefore conveniently be termed the ‘‘J deflection”. In this study 
of the multiple-lead cardiogram of hypothermic patients without heart disease the “J deflection” 
was invariably seen in some degree. Further, it was always found in some leads in the hypothermic 
dog. It is the first time that this uniformity has been reported. This is probably partly because 
patients with normal hearts were investigated and partly because multiple leads were employed in 
both the present studies, whereas other workers generally seem to have used a single lead, often 
lead II. This also explains the varied and confusing accounts that have previously been given 
of the canine cardiogram in hypothermia. It appears that in the dog the two basic epicardial 
patterns, or a combination of the two, are reflected by surface leads, possibly depending on the 
anatomical relationship of the surface lead to a given area of the epicardium. Since the position 
of the dog’s heart within the thorax can alter considerably as its rate slows on cooling, this relation- 
ship varies, and a surface lead may reflect first one, then another, basic epicardial pattern as the 
temperature falls (Fig. 5d). 

The similarity of the pattern obtained from most of the canine ventricular epicardium and that 
recorded from left precordial leads in the human subjects whose cardiogram showed the most 
severe changes suggests that the changes in the dog are analogous to those in man. 

The “‘J deflection” has been variously attributed to a conduction defect (Tomaszewski, 1938; 
Milstein and Brock, 1954) myocardial anoxia (Juvenelle et a/., 1952; Blades and Pierpont, 1954) an 
injury current (Osborn, 1953) acidosis (Covino and Hegnauer, 1955) or even to the Ta segment of 
atrial repolarization (Cazzullo and Macchi, 1954; Siems et al., 1955). None of these explanations 
seems correct. 

The deflection is inscribed too slowly to be an ordinary secondary R wave (R’). Its appearance 
in precordial leads to the left and right of the chest in man does not resemble the pattern of either 
right or left bundle-branch block and is not like any pattern of myocardial injury clinically en- 
countered in man. Further, the epicardial electrogram from the cooled canine heart does not 
resemble the monophasic or semi-monophasic curves obtained from the epicardium over areas of 
ischemic damage at normal temperature (Rakita et a/., 1954) or from undamaged epicardium by 
the use of cooled metal electrodes (Hoff and Geddes, 1955). The J loop, by which it is represented 
in the vectorcardiogram, is unlike anything previously described (Emslie-Smith, 1958). During 
periods of nodal rhythm and atrial fibrillation the characteristic deflection is not altered, as it 
would be if it were related to atrial repolarization. 

Osborn (1953) found the deflection to be minimal or absent in surface leads in animals in whom 
the arterial pH was kept constant by manipulation of respiration, but we found that it developed 
irrespective of the pH of arterial blood (Fig. 6). This discrepancy is possibly explained by the fact 
that multiple leads were always used by us. Since the deflection may be obvious in chest leads, but 
absent from limb leads (Fig. 6E, F) and since the heart’s position may alter during cooling, routine 
monitoring by a single limb lead might well give fallacious results. 

It has been shown (Burger and Terroux, 1953; Coraboeuf and Weidman, 1954) that in the single 
mammalian myocardial fibre cooling slows both depolarization and repolarization but at different 
rates. This suggests that in the intact heart the overall relationship between depolarization and 
repolarization is altered in hypothermia. Such an alteration could change the total unbalanced 
electrical activity of the heart at the time when depolarization ends and repolarization begins—at 
“*J”, in fact—thus causing the J loop of the vectorcardiogram and the J deflection of the scalar- 
lead electrocardiogram. 

Whatever the cause of the J deflection it is not, as has been thought, something that occurs only 
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in special adverse circumstances such as acidosis, myocardial injury or a sudden alteration in 
excitability. If carefully sought with suitable leads it is invariably found in hypothermia. It is 
therefore not surprising that when ventricular fibrillation occurs in hypothermia it usually does so 
after the appearance of the J deflection. This seems to be the only association between the two 
phenomena. The deflection is therefore valueless as a warning of ventricular fibrillation. 


SUMMARY 


The electrocardiogram has been studied by multiple surface leads during the production of pre- 
operative hypothermia by skin-cooling in 10 anesthetized patients, 8 of whom had no heart disease. 

In all cases the heart rate slowed with falling temperature, and P-R and QTc increased. An 
extra, slowly-inscribed deflection (J deflection) appeared in the early part of the S-T segment in some 
leads from all patients, though differing in magnitude and in the temperature at which it appeared. 
It was biggest and directed upward in leads related to the left ventricle. It grew in size as tempera- 
ture fell. It was most conspicuous in the thinnest patients. When it became very high the T wave 
became inverted. It disappeared on rewarming. 

Atrial fibrillation appeared in 6 patients at a mean temperature of 28-9 °C. (s.d. 1-17). Ventri- 
cular fibrillation did not occur. Neither in time of onset nor in severity did the changes in the 
electrocardiogram bear any relation to the onset of atrial fibrillation. 

The effect of hypothermia on the S-T segment was studied in 55 experiments in dogs. Direct 
epicardial and intracavitary electrograms were recorded. These showed two basic patterns of 
change which were reflected, alone or in combination, by surface leads. The pattern obtained from 
most of the ventricular epicardium at low temperature resembled that recorded by left precodial 
leads from the patients who showed the most severe changes. 

No correlation was found between the time of onset or the severity of the changes and the onset 
of ventricular fibrillation. The characteristic deflection appeared irrespective of rhythm or the pH 
of arterial blood. Whatever its cause, the J deflection is invariably found in hypothermia, if sought 
with suitable leads. It is valueless as a wirning of ventricular fibrillation. 


We should like to thank Mr. K. C. Bradley, Mr. C. J. Officer Brown, Dr. R. H. Orton, and Dr. T. E. Lowe (Director 
of the Baker Medical Research Institute and Clinical Research Unit, Alfred Hospital) for help and encouragement, 
Dr. C. C. Curtain for estimating the blood pH, and Professor I. G. W. Hill for his help in the preparation of the 
manuscript. 
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Unipolar leads using Wilson’s central terminal as an “‘indifferent”’ electrode have been in general 
clinical use for many years. The central terminal was not introduced as a theoretically correct 
reference for unipolar leads, but as a convenient reference that was at least better than using one of 
the limbs alone, as in the old CR, CL, and CF leads, in which the exploring electrode potentials 
were compared with those of electrodes placed respectively on the right arm, the left arm, or the 
left leg (Wilson et al., 1934). When unipolar leads are used to explore the potentials over the left 
chest at the level of the heart, the error in adopting the central terminal as a reference electrode is 
small because the potential variations of the exploring electrode are relatively large. A tendency to 
explore the right chest has developed in recent years. In this case, the error may be considerable 
because the smaller potential variations of the exploring electrode may be of a magnitude comparable 
with those of the central terminal itself. Such records may be open to misinterpretation. A case 
has recently been described in which the unipolar lead tracings V3R were produced by potential 
variations of the central terminal rather than by those of the exploring electrode (Osborne and 
Dower, 1957), and resulted in a pattern resembling right ventricular hypertrophy for this lead. 

Methods of determining the etror in the central terminal have been described by Eckey and 
Frohlich (1938), Burger (1939), Wilson et al. (1949), Dolgin et al. (1949), Bayley and Kinard (1954), 
and Frank (1955a), but none has been applicable to patients. For this reason, it has not been 
possible to study the error under clinical conditions. The method to be described makes this 
possible. The theoretical considerations that arose out of the development of this method have 
demanded a careful scrutiny of previous definitions of unipolar leads and this has led unexpectedly 
to the conclusion that a more accurate definition is required. 


PRINCIPLE 


The electrical potential at a point, A, with respect to some other point, B, may be defined as the 
increase in potential energy that a unit positive charge will experience when moved from B to A. 
Just as, in mechanics, the potential energy of a body (in a uniform gravitational field) is determined 
by the height through which it is raised, and heights can only be measured with respect to some level 
of reference, so electrical potential requires a reference for its measurement: only potential 
differences have meaning. Since the field of a system of charges confined to a finite region of space 
vanishes at infinity (Stratton, 1941), it is customary to consider the absolute potential of a point 
as its potential with respect to infinity. 

Let us imagine the subject to be in free space, and let the net charge on his body be zero. What 


* This work was aided by grants from the National Research Council of Canada and the British Columbia Heart 
Foundation. 
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factors affect the potential of a point on the surface of the body with respect to infinity? One 
factor is certainly the heart itself and another is the configuration of the various conducting media, 
or tissues, of the body; together, these factors determine the potential differences between points 
on the body surface. The absolute potentials of these points are subject to another influence— 
the external field distribution which is related to the capacitance between various regions of the 
body and infinity. (The capacitance, C, of a body is the proportionality constant relating the 


potential, v, and the electric charge, q, i.e. v= 4) This is illustrated in Figure 1. The subject is 


Vi 





SURFACE OF - 


ZERO POTENTIAL 


A B 


Fic. 1.—(A) Fusiform body at the centre of a large, hollow, spherical conductor. 
The net charge on the body and the net charge on the conductor are zero. 
A ‘‘cardiac”’ generator at the centre of the body produces a charge separa- 
tion, making one end instantaneously positive and the other negative with 
respect to the surface of zero potential. Note that the surface of zero 
potential, which represents the potential of the sphere, lies in the equatorial 
plane. (B) When the body is moved to an eccentric position, the surface of 
zero potential no longer lies in the equatorial plane of the body. The poten- 
tial of points on the surface of the body with respect to the sphere has thus 
been altered. 





represented as a fusiform body symmetrical about its equatorial plane. Infinity may be considered 
as a sphere of infinite radius concentric with the body: we shall consider the body to be at the centre 
of a large conducting sphere (Fig. 1A). Let the net charge on the body be zero. Let us now say 
that, due to the action of a “cardiac” generator acting at the centre of the equatorial plane of the 
body, a time-varying separation of charge is brought about so that when one end of the body acquires 
a positive charge the other end of the body acquires an equal negative charge. Since the charge on 
one half is equal to that on the other, and the capacitances of the two halves with respect to 
“infinity” are equal (from symmetry), the potentials of the two ends are always numerically equal, 
being equally displaced from the reference, but in opposite senses. 

Let us now move the body from its centric position so that one end approaches the wall of the 
conducting sphere (Fig. 1B). This will result in a disproportionate increase in the capacitance of 
that end with respect to the sphere. This increase in capacitance of one end is associated with a 
decrease in the amplitude of the potential variations of that end with respect to the sphere (writing 
q 
C 
the sphere, its potential variations with respect to the sphere diminish. But the original symmetry of 
capacitances could have been disturbed by means other than moving the body away from the centre 
ofthe sphere. For example, destroying the physical symmetry about the equatorial plane by attach- 


v= 


for this end, we note that increasing C reduces v). Thus, as one end of the body approaches 
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ing an appendage to one end of the body would lead to an inequality of capacitances. Even if 
such an appendage did not affect the electric field within the body, it would still alter the potentials 
of points on the body with respect to the sphere. It follows that, for a subject in free space, the 
potential of a region of his body is affected by the capacitance of that region, and the capacitances 
of all other regions of his body, with respect to infinity. 

Because an increase in the capacitance with respect to infinity of some region of the body, such 
as we have considered, is associated with a corresponding disturbance of the electric field outside 
the body (compared with that existing for the body in free space), we might say that the potential 
of a point on the body is determined by the electric fields inside and outside the body. It happens 
that the electric field inside the body is relatively insusceptible to change from external factors 
(though it has been appreciably changed in some immersion experiments, e.g. Dolgin et al., 1949), 
but the electric field outside the body is highly susceptible to change from such factors. The 
definition of a unipolar lead used in this paper requires electric field distributions similar to those 
existing if the subject were in free space. 

The conditions of free space may be approximated by placing the subject at the centre of a large 
hollow conductor, such as a shielded room, but insulated from it. If the room is large enough, 
the electric field near the body will not be sufficiently distorted from its configuration in free space 
for the results to be seriously affected. In addition to the room’s being sufficiently large, its shielding 
must be adequate to prevent interference from currents induced from outside sources. 

It can be shown that the potential of the shielded room with respect to infinity is unaffected by 
the action of the subject’s heart within the room.* It is possible that agencies external to the 
shielded room may cause its potential to vary with respect to infinity, but we are concerned only 
with those within the room, which will have no effect. The walls of the room may thus be considered 
a legitimate substitute for a concentric sphere of infinite radius (infinity). 

Let us assume that there be applied to the subject a resistance network having a reference terminal 
whose potential variations with respect to the walls of the shielded room, due to the action of the 
heart, can be reduced approximately to zero by suitable adjustments of variable components in the 
network.+ (It is assumed that the capacitance of the network to the walls of the room is negligible.) 
The problem now becomes: How can we tell when the network is correctly set? 

If a sensitive current-detector could be connected between the reference terminal of the network 
and the shielding of the room without affecting the electric field, the correct adjustment would be 
indicated by the condition of zero current flow between the subject and the shielding (the circuit 
being completed by the capacitance between them). At this setting, because there would be no 
flow of current through the connecting wire, it could be considered as an open circuit, i.e.connecting 
the patient to the shielded room would not affect the potentials at his body surface with respect to 
the shielding. Further, if the connecting wire were then removed, the potential of the reference 
terminal would remain at that of the shielding. If the potential of the shielding could be taken for 
our purposes to be that of an electrode at infinity, we might say that the network had been correctly 
adjusted to give a reference terminal whose absolute potential was zero. It might be asked: Why 
should it be necessary to obtain a reference terminal to substitute for the shielded room? Why could 
not the shielding alone be used as a reference? Actually, it can and, indeed, the adjustable network 
was not used for most of the determinations of the error in Wilson’s central terminal. However, 
the use of such a network brings certain advantages which will be mentioned later. 


METHOD 


The shielded room measured 3x 2:7x3 m. Shielding was obtained by applying a 0-25-mm. layer of 
tin-plate to its inner surfaces, except on the floor where a 1-mm layer of galvanized iron was used. The sheets 


* This is an application of Gauss’s flux theorem which states that the surface integral of the flux density, D, over 
any closed surface, S, is equal to the algebraic sum, g, of all the charges inside the surface, or f{D - dS=q. 

+ Justification for the assumption that, for any fixed position of the ‘‘electrical centre”’ of the heart, there exists 
a network with a central terminal that does not vary due to the electrical activity of the heart may be found in the 
work of Frank (1955b). 
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of tin-plate overlapped at their edges, which were soldered together at intervals of about 5cm. A similar 
covering was applied to the doors; when the doors were shut there was a spring contact between the tin-plate 
on the doors and on the walls of the room. Lighting was provided by a battery lantern—there were no 
windows or electrical outlets. 

A hammock was strung between opposite corners of the room and the foot-end could be raised or 
lowered with a block and tackle. The loose hammock was draped over a chair and the patient seated upon 
it. The block and tackle were then used to raise him to the centre of the room. 

An adjustable reference terminal was attached to the patient by four electrodes situated as follows: 
the right arm, R; the mid-axillary line at the level of the Sth chondrosternal junctions, A; the left leg, F; 
and the anterior mid-line, E, at the same level as A.* The R and A, and F and E electrodes were respectively 
connected to the ends of a pair of potentiometers, I and II, the sliders of which were themselves connected 
to the ends of a third potentiometer, III. The slider of III formed the reference terminal of the network. 
The three potentiometers were each of 100 kilohms and were mounted immediately over the patient. They 
were adjustable from outside the room by turning three glass rods which pierced the wail. 

The adjustable reference terminal, shown diagrammatically in Fig. 2, was directly attached to the grid 
of an electrometer tube (Victoreen 5803) which, because of its low grid current, permitted the use of a large 
grid-leak resistance (1000 megohms). The electrometer tube was mounted on the wall of the room. It 
was operated as a class-A amplifier and provided a voltage amplification of 1-5. The time-constant of the 
system was about 0-05 second, which was sufficient for amplification of the QRS complex. The error in 
Wilson’s central terminal when the T waves were being inscribed was not studied. 
































Shielded room. 


Fic. 2.—Patient at the centre of shielded room. The adjustable reference ter- 
minal is represented as the slider of a single potentiometer (though three 
were actually used). The battery-operated electrometer amplifier is shown 
within the room connected to a line-operated amplifier and recorded outside. 


Further stages of amplification were obtained from a line-operated amplifier (Sanborn Twin Beam) 
placed outside the room. Visible records were immediately available from an oscillograph (Heiland 
Visicorder). The over-all sensitivity was 5-6 cm./mv.; the best paper speed was 125 mm./sec. 

The basic noise level was determined by attaching the electrometer input to a large sheet of tin-plate 
placed in the hammock: it was found to be 10 microvolts. The resistances of the hammock and supports 
were roughly determined with a megger. The resistance of the supports was found to be greater than 
10!2 ohms and the resistance of the hammock was found to be of the same magnitude. 

Ballistic artifact. The system was found to be extremely sensitive to movement of static charge within 


* These electrode positions are those used in a recently described VCG lead system, the RAFE (Dower and Osborne, 
1958). The exact positions are not important, however, so long as they embrace the origin of image space. 
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the room. For example, with the electrometer input attached to the piece of tin-plate, as described above, 
the gentle swinging of a rubber strap (of the kind used to secure the electrodes on the limbs) was easily 
detected, even thoughit was several feet away from thetin plate. This effect was very troublesome whena patient 
was attached to the input. It was necessary to support him on an insulator, yet any insulator possesses some 
static charges, and relative movement between patient and support generated signals several orders of 
magnitude larger than those being studied. After many trials, a canvas hammock was found the best 
solution to this problem. It was also necessary to remove clothing of nylon or similar material and dissipate 
static electricity on the patient and hammock through a grounded soft wire brush. In spite of these measures, 
it was not possible to remove the ballistic artifact altogether, but in nine out of ten patients it no longer 
interfered with the determination of a null setting of the potentiometers, and signals greater than 1/50 of a 
millivolt could be detected, particularly at the paper speed mentioned above. 

Adjusting the network to a null. With the patient quietly at rest in the hammock, the static discharging 
procedure completed, the R, A, F, and E electrodes attached to the patient and connected to the potentio- 
meters, and all extraneous material removed from the room, the door ‘was closed and the patient was left 
alone. Potentiometers I, II, and III were adjusted in turn until the amplitude of the QRS pattern was a 
minimum. By this means it was sometimes possible to remove all trace of the QRS (signal less than 0-02 my); 
at other times it was not possible to obtain a reference terminal that varied, during the QRS interval, by less 
than 0-1 mv. The reference obtained was, of course, unique for each patient. 

Effect of room size. In order to determine whether the room used was large enough, its effective size 
was reduced by large metal screens measuring 1-2 x 2-4 m. which were placed on each side of the patient at 
equal distances away. These were gradually brought closer to the patient and the effect on the null setting 
of the potentiometers was noted. No appreciable effect was observed on bringing the screens to a distance 
of one metre from the patient. When the screens were brought much closer than this the ballistic 
artifact became too great for clear interpretation of the results. It was concluded that the room was larger 
than required in so far as producing negligible distortion of the electric field near the body was concerned 
but that a room of much smaller dimensions would have greatly increased the ballistic effects. 

Effect of connecting detector to reference terminal of network. Theoretically it can be shown that attach- 
ing a wire to the reference terminal of the network and leading this to the current-detecting device on the 
wall of the shielded room will distort the electric field near the body and, therefore, change the potential 
of the reference terminal. It can be argued that if such a distortion were appreciable, bringing the lead wire 
in towards the patient from another direction might produce a somewhat different distortion and hence a 
somewhat different record. To study this, the lead wire was brought to the patient from various directions 
that were as different as possible. Sometimes it approached the patient perpendicularly and sometimes it 
ran parallel to the surface of the patient, only a few centimetres away, for distances up to one metre. None 
of these measures had a noticeable effect on the records obtained. It was concluded that the effect of 
connecting the detector to the reference terminal of the network was insignificant. 

Wilson-central terminal comparison. When the network had been adjusted to give a null, its reference 
terminal was used for measuring the potential of Wilson’s central terminal. The patient was grounded 
via the reference terminal of the network, and Wilson’s central terminal was attached to the input of the 
amplifier. As impedances were then low (the patient was grounded) no ballistic artifact was encountered 
and tracings such as that illustrated in Fig. 3A were obtained. An example of ballistic artifact is shown 
in Fig. 3B. 

Direct measurement of the potential of Wilson’s central terminal. It has already been pointed out that 
the adjustable network is not needed and that the potential of Wilson’s central terminal could be directly 
measured with respect to the walls of the room, the electrometer amplifier being used as a voltmeter. This 
necessitated calibration of the amplifier-recording system. The calibration was carried out by a comparison 
of the amplitude of the signals obtained when the potential variations of Wilson’s central terminal were 
measured directly and indirectly, i.e. using the reference terminal of the adjustable network. The amplitude 
turned out to be the same in both cases. 

Measurements of the potential variations of Wilson’s central terminal with respect to the walls of the 
shielded room, during the QRS interval, in 117 patients are shown in Table I. The mean potential was 
0-09 mv and the variation was —0-3 to +0-4 mv. If a Gaussian distribution is assumed, there is a 26 per 
cent probability of the central terminal deviating from zero by 0:2 mv or more. (The table indicates that 
52 subjects showed this variation, but the figures are rounded off; in fact, 23 of these had variations between 
0-15 and 0-2. This leaves 29 out of 117, or 25 per cent, who showed variations equal to, or greater than, 
0-2 mv). There is an 8 per cent probability of the deviation being greater than 0-3 mv. 
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Fic. 3.—(A) The error in Wilson’s central terminal 
recorded as the potential difference between 
the central terminal and an accurately adjusted 
reference terminal (see text). (B) An example 
of ballistic artifact encountered when a single 
wire led from the ungrounded patient to the 
electrometer amplifier. 


TABLE I 


THE QRS-POTENTIAL VARIATIONS OF WILSON’S CENTRAL TERMINAL WITH 
RESPECT TO THE WALLS OF A SHIELDED ROOM, IN 117 SUBJECTS 





Potential variation Number of subjects 





in millivolts with each potential 
variation 
—03 2 
—0-2 6 
—0:1 13 
0 19* 
+0:1 33 
+0:2 30 
+0:3 12 
+0:4 2 


Arithmetical mean +0-09 
Standard deviation 0-15 





* Includes all those in whom ballistic artifact precluded 
accurate determination. 


DISCUSSION 

The definition of a unipolar lead used in this paper is as follows: a unipolar lead is one in which 
the potential variations that develop between a single exploring electrode and an electrode at an 
infinite distance are recorded, with the subject in free space. This definition ensures that the electric 
field within and without the surface of the body are normal, i.e. unaffected by extraneous influences. 
Unipolar potentials are thus absolute in the sense in which the term is used in physics. 

One of the original definitions put forward by Wilson et a/. (1931) for a true unipolar lead was 
that it gave “the potential at any point on the body at any instant with reference to the potential of 
this point at a time when the heart is producing no electric currents, a potential which we may for 
our purposes regard as zero.” Actually this does not define a unique reference for, if any point 
on the body is connected to the ground and the earth is used as a reference, the potential of such a 
point will remain zero whether the heart is beating or not. If the heart is considered to be the only 
agent producing charge separation in the body, when it is inactive all points on the body will be at 
at the same potential: that of the earth. Suppose the left leg is connected to earth: when the heart 

2A 











358 DOWER, OSBORNE, AND MOORE 


is producing no electric currents, the potential of any point on the body will be that of the left leg 
and, therefore, of the earth. If the potential of an exploring chest electrode is now measured with 
respect to ground, it may also be considered to be measured with respect to the potential such an 
electrode would have when the heart was producing no electric currents. According to the above 
definition, the potentials measured should be unipolar lead potentials. But, in fact, we do not 
have a lead that is any different from one in which the left leg is used as a reference: the lead js 
not unipolar, but bipolar. This difficulty is resolved, however, if the electric field external to the 
body is specified. If the field is considered to be that existing in free space (and there seems to be 
no reason for considering it to be different from this) Wilson’s definition becomes equivalent to ours, 

It might be held that true zero should be defined as the potential that Wilson’s central terminal 
would have if the assumptions in Einthoven’s triangle scheme were, in fact, correct (Burger, 1939), 
According to Einthoven (cited by Wilson et a/., 1946), “‘the triangle was supposed to be a homo- 
geneous sheet of conducting material and in regard to the distance between the two points of the 
bipole, of a large, let us say infinite, extent.” From symmetry, the potential of the central terminal 
will be the same as that of the plane of symmetry passing through the bipole (separating positive 
and negative isopotentials). But this plane reaches to infinity, so the central terminal and the 
electrode at infinity lie on the same isopotential surface, i.e. they are at the same potential. Wilson 
et al. (1946), speaking of experiments in which the subject was placed in a liquid of lower con- 
ductivity than the body, said: “If the conductivity of the isolated conductor (the body) under 
consideration is large enough, we may think of it as in contact over its whole surface with an infinite 
conducting medium possessing a very much smaller conductivity and thus make it possible, at 
least theoretically, to choose infinity as our reference point for the measurement of the field.” The 
immersion experiments require that the subject be in 2 medium of much lower conductivity than the 
body tissues, such as distilled water (Eckey and Fréhlich, 1938); otherwise short-circuiting will 
appreciably reduce body potentials (Wilson et al., 1946; Dolgin et al., 1949; and Bayley and Kinard 
1954). If the conductivity of the medium is reduced to the limit, the immersion experiments 
become identical with the field experiments. It should be noted that in the immersion experiments 
it is still necessary to specify the electric field distribution external to the body because conductivity 
of the medium close to the body must be uniform, just as the dielectric must be uniform in the field 
experiments. Further, attaching a conducting plate to some part of the body would affect the result 
in both types of experiments. To avoid disturbance of the electric field near the body, therefore, 
the subject should be in a large tank, just as he should be in a large shielded room in the field 
experiments. In the experiments of Eckey and Frohlich the tank used was very small. In the 
experiments of Bayley et al. (1954) the subject was placed in a spherical integrating electrode six 
feet in diameter: the fact that this sphere was a conductor must have appreciably changed the electric 
field produced by the heart; it also rendered inapplicable some of the equations adduced in support 
of the method. 

A definition of zero is implied when unipolar electrocardiograms are derived graphically from 
corresponding vectorcardiograms (Osborne and Dower, 1957). The zero reference in this case is 
the origin, and the cathode-ray beam is at the origin when no signals are being applied to the 
deflection plates of the cathode-ray tube, i.e. when the heart is producing no electric currents. At 
this time the electric fields inside and outside the body are zero. Because it is zero, the external 
electric field will not be distorted by any wires connecting the patient to ground. In fact, because 
there would be no current flowing in such wires, they may be considered open circuits, i.e. the patient 
is effectively in free space. Thus the implied definition of unipolar potentials is identical with that 
used in this paper. 

Unipolar lead potentials have been defined by Burger and van Milaan (1948) in terms of image 
space. They may be expressed as v=L*H, where v is the potential of the exploring electrode, and 
L is the corresponding lead vector that must be used to obtain v from H, the instantaneous heart 
vector. Since the reference of potential is not stated, it will be taken as the potential of an electrode 
at infinity. With the subject in free space, we may say that for every point in real space there is an 
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instantaneous potential, v, due to H. The above relationship between v and H thus defines vectors, 
L, the tips of which define points in image space corresponding to points in real space where v is 
measured. The potentials recorded at all points on the surface of the body thus define a set of 
points in image space: this set forms the image surface. Now, as an exploring electrode approaches 
the heart in real space, v generally becomes larger, i.e. the magnitude of L increases, so that points 
inside the body surface correspond to points outside the image surface, and vice versa. But, from 
our definition of zero, v=0 for all directions of H for an electrode at infinity. This can only happen 
when L=0, i.e. at the origin of image space. Hence, infinity in real space corresponds to the origin 
of image space. This justifies the choice of the potential of an electrode at infinity as a reference. 
It should be noted that it is not necessarily consistent to consider that the midpoint of the cardiac 
dipole corresponds to the origin of the image space, as some accounts suggest (Frank, 1954). 

It has already been explained that, with the subject in free space, the absolute potential variations 
of points on the body due to a time-varying generator will be influenced by the capacitances of the 
various regions of the body with respect to infinity. Hence, unipolar potentials as defined in this 
paper are subject to three variables: the heart itself, the conductivities of the body tissues (which 
largely determine the configuration of the electric field within the body), and the regional capacitances 
(which largely determine the configuration of the electric field outside the body). A consequence of 
this is that a part of the body, such as a leg, might be removed, and cause little disturbance of the 
electric field within the body, but because of its effect on the external electrical field, its removal 
would change the unipolar electrocardiogram. The objection might therefore be raised that the 
proposed definition has introduced an unnecessary variable. In fact, such a complication is not 
unnecessary—it is a consequence of the concept of unipolar leads. Some authors prefer to think of 
the problem of finding a reference for unipolar leads as being confined to the body itself, since with 
the subject in air the electric field distribution within is not appreciably disturbed by conditions 
without. If this is done, it becomes necessary to define a reference of potential inside the body. 
The theoretical reference for unipolar leads that has been suggested is the “‘dipole mid-potential”’ 
(Burger, 1939; and Frank et a/., 1955). Unfortunately, a point representing the dipole mid-potential 
cannot be defined in the body, though it can in idealizations such as Einthoven’s triangle. If the 
heart is represented electrically as an infinitesimal dipole in an infinite homogeneous medium, the 
dipole mid-potential may be considered as the potential at the plane of symmetry of the dipole. 
Since this plane reaches to infinity, the potential of this reference is identical with that of an electrode 
atinfinity. But a difficulty arises when the heart is represented by a dipole, either finite or infinitesi- 
mal, in the body. In this case, the use of the dipole mid-potential is inexact because, if the dipole 
is finite, the electrical and geometrical midpoints are not necessarily identical, while, if it is 
infinitesimal, the plane of symmetry is not an isopotential. It should also be pointed out that the 
use of the dipole concept in the definition of unipolar leads requires that the heart can be represented 
by a dipole (which is not a matter of uniform agreement), whereas the definition adopted in this 
paper makes no such assumption. 

When the results obtained with the present technique are compared with those of previous 
workers it should be noted that in the experiments in which the error in Wilson’s central terminal 
was determined by immersing the subject in water, in addition to the practical inconvenience of this 
procedure, difficulty was generally encountered from short-circuiting, which greatly reduced the 
measurable error. When distilled water was used, and short-circuiting was minimal, errors up to 
0-3 mv were recorded—similar in magnitude to those obtained with the present technique, in which 
short-circuiting was no problem. 

The implication arising out of the present work is that unipolar lead QRS signals of less than 
0:3 mv should be interpreted with caution. 


SUMMARY AND CONCLUSIONS 


The realization that error in Wilson’s central terminal could lead to clinical misinterpretation of 
electrocardiograms has prompted the development of a method for measuring this error in patients. 
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The patient is placed in a hammock at the centre of a shielded room and the potential between the 
central terminal and the shielding measured directly. Development of the principle underlying 
this technique has necessitated the adoption of a more precise definition of zero reference than that 
originally proposed by Wilson and his associates. The potential of an electrode at an infinite 
distance is taken as zero and the configuration of the electric field inside and outside the body is 
considered to be that which would exist if the body were in free space. This more complete defini- 
tion has been shown to be consistent with the general concept of unipolar leads. 

The error in the central terminal was measured in 117 cases and found to be greater than 
+0-2 mv in 29. There appeared to be an 8 per cent probability that the error would, in any given 
subject, exceed 0-3 mv. It is concluded that electrocardiographic diagnosis should not hinge 
on standard unipolar lead QRS signals of this magnitude. 


The advice of Dr. J. G. Foulks and the assistance of Dr. O. Papp are gratefully acknowledged. 
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At the present time most patients with hypertension can only be offered mitigation of 
their disease and alleviation of their symptoms. Cure is possible only in certain well-defined 
syndromes such as pheochromocytoma, primary hyperaldosteronism, coarctation of the aorta, and 
unilateral renal disease. The work relating to this last cause of hypertension has recently 
been reviewed by Smith (1956) who analysed 575 cases, reported from 1937 to 1956, in which 
nephrectomy was carried out for proven or suspected unilateral renal disease with associated 
hypertension. Of these 575 cases, 149 were “‘cured”’ by nephrectomy, in that their blood pressure 
fell to 140/90 or less for a period of at least a year after operation. The commonest lesion found 
at nephrectomy was pyelonephritis and, less commonly, hydronephrosis, atrophic kidney, and 
arterial occlusion. 

In this paper we describe the effect of nephrectomy in three further cases. 


Case 1. A married woman of 48 complained of headaches and vertigo for several months. Apart 
from menopausal symptoms and a “‘feeling of being run down”’, she was otherwise well. 

Physical examination was normal, except for a blood pressure of 210/110 mm. Hg at rest. Hyper- 
tension had originally been discovered by her family doctor five weeks previously and repeated examinations 
showed the pressure to vary between 260/120 and 210/110. 

Tests of urine function showed a blood urea of 45 mg. per 100 ml. and van Slyke urea clearance of 85 
per cent of normal. Urine dilution and concentration tests gave a specific gravity range of 1001 to 1017. 

X-ray studies of the urinary tract revealed no secretion on the left side on intravenous pyelography. 
Retrograde pyelography showed a left-sided hydronephrosis (Fig. 2). 

During a sodium amytal sedation test the blood pressure fell from an initial level of 220/110 to 120/60, 
whilst the patient was asleep. Examination of the fundi showed grade II hypertensive retinopathy. 

In view of the labile hypertension and of the non-functioning hydronephrotic kidney, a left nephrectomy 
was carried out. Convalescence was straightforward. 

The kidney was small and shrunken and weighed 50 g. There was severe hydronephrosis, affecting 
the pelvis and major calyces, while the renal parenchyma was distorted and showed increased fibrosis. On 
microscopic examination, the appearances were those of hydronephrosis with chronic pyelonephritis. 

Six months later, her blood pressure was 170/100 and she said she felt well except for occasional head- 
aches. She was re-examined, one, two, three, and five years after operation. On each occasion she 
reported that she was well and free from symptoms. Her blood pressure remained steadily at 160-170 systolic 
and 85 to 90 diastolic (Fig. 1). 

Case 2. A boy, aged 10 years, was admitted on 1/5/55 in a stuporose condition. He had been treated 
at the age of 4 years for urinary tract infection and intravenous pyelography at that time had disclosed 
dilatation of the left renal pelvis. Unfortunately he had not attended the follow-up clinic, in spite of the fact 
that he developed enuresis and became increasingly tired during the next six years. 

Two days before admission he vomited and became drowsy and the next day he complained of a headache 
and became disorientated. Shortly after admission he had generalized epileptiform convulsions. His blood 
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Fic. 1.—Serial blood pressure recordings, before and after nephrectomy, in Case 1. 
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pressure was found to be 240/130, retinal hemorrhages and papilloedema were present, and a diagnosis of 
hypertensive encephalopathy was made. Treatment with intramuscular phenobarbitone and magnesium 
sulphate and lumbar puncture resulted in rapid improvement and on the next day he was rational and 
cooperative. Examination showed him to be a thin boy, weighing 65 pounds, and 55 inches tall. His 
blood pressure was 210/160. The following investigations were carried out. 

Blood: Hemoglobin 13-5 g. per 100 ml.; white cell count 7000 per c.mm. Erythrocyte sedimentation 
rate (Westergren) 17 mm. in the first hour. Blood urea 40 mg. per 100 ml. Urine: Specific gravity fixed 
at 1012-1013. Albumin and large numbers of pus cells present. Proteus vulgaris cultured. Chest X-ray: 
Normal. Electrocardiogram: Normal. Intravenous pyelography: Both kidneys functioning. Right 
normal; dilatation of calyces on the left (Fig. 3). Urea clearance: Maximum clearance was 61 per cent of 
average normal (corrected for surface area). 

His condition improved further on treatment with phenobarbitone and chloramphenicol, but the blood 
pressure averaged 200/140. Three weeks after admission his blood pressure rose to 255/190, he became 
drowsy and restless, and treatment with hexamethonium was started. In spite of this the diastolic pressure 
remained high, fluctuating between 140 and 170, and it was, therefore, decided to remove his left kidney. 
Nephrectomy was carried out on 27/5/55 and the kidney was found to be small and fibrotic, showing the 
changes of chronic pyelonephritis on microscopy. 

After operation the blood pressure remained about 200/160 and, on the fourth post-operative day, further 
convulsions occurred and he developed gross papilleedema and retinal exudates. Since hexamethonium 
had not proved very effective, treatment was instituted with pentolinium, increasing the dose to 20 mg. 
six-hourly, and later rauwiloid 2 mg. 12-hourly, was added. On this regime the blood pressure became 
stabilized at about 125/90 and his general health steadily improved. He was discharged from hospital three 
months after his original admission, at which time his urine was free from pus cells, the blood urea was 
30 mg. per 100 ml., and urea clearance tests showed that function was essentially unchanged. 

His behaviour in the ward had been noted to be abnormal, with frequent temper tantrums and im- 
moderate laughter. At first this was attributed to cerebral damage sustained during the fits, but enquiry 
showed that his I.Q. at the age of 7 years had been assessed at 85, and that his brother had an I.Q. of 70 
and was at a special school. The condition may therefore be hereditary. 

He attended hospital as an out-patient for the next two years, during which period his general health was 
good. The systolic blood pressure remained at about 125 to 130 and the diastolic at 90 to 100, the recordings 
being made after the patient had been lying quietly for 10 minutes. He was re-admitted in June, 1957, 
for assessment. His blood pressure, during six weeks observation in hospital, averaged about 110/70, the 
systolic pressure ranging from 130 to 100 and the diastolic from 90 to 50. Pentolinium was gradually with- 
drawn without significant alteration in the blood pressure. His urine was free from albumin and sterile 
on culture, and the blood urea was 36 mg. per 100 ml. The blood pressure remained at about 125/85 during 
the next six months on treatment with rauwiloid alone, and this drug was therefore also gradually withdrawn. 
When last seen at the age of 13 years, he was in excellent health without treatment, his weight being 94 pounds 
and his height 614 inches. His blood pressure was 125/90, his heart and optic fundi were normal on 
examination, and his urine contained no albumin, the pH being 5-5 and the specific gravity 1014. The 
following normal biochemical results were obtained: blood urea 30 mg. per 100 ml.; serum cholesterol 
172 mg. per 100 ml.; serum albumin 4-1 g. per 100 ml.; serum globulin 2-1 g. per 100 ml.; plasma creatinine 
0-93 mg. per 100 ml. He is thus in good health and has a normal blood pressure, without treatment, three 
years after nephrectomy (Fig. 4). 


Case 3. A 36-year-old man attended the ophthalmic department complaining of occasional blurring 
of vision, headache, and giddiness. Eight years previously he had had an episode of backache and some 
vomiting, but otherwise there was nothing significant in his past history. His parents were alive and well. 
He was a well-nourished, healthy-looking man. His blood pressure was 205/130. The fundi showed 
bilateral early papilloeedema and several hemorrhages and exudates. Otherwise physical examination was 
Negative. The following examinations were made. 

Blood: Hb. 15 g. per 100 ml. White cell count 7600 per c.mm. E.S.R. 30 mm. in the first hour 
(Westergren). Urea 24 mg. per 100 ml. Urea clearance 135 per cent average normal. Urine: Mid-stream 
sample—culture negative; no abnormality in centrifuged deposit. Random specific gravity 1025. No 
albumin. Chest X-ray: Normal. Electrocardiogram: Left ventricular hypertrophy (Fig. 5). Sedation 
test (9 grains sodium amytal): Blood pressure fell from initial reading of 180/135 to 140/105. Phentolamine 
test (S mg. I.V.): Blood pressure fell from 175/135 to 140/100 in the first minute, thereafter rising to 150/110 
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Fic. 4.—Serial blood pressure recordings in Case 2, before and after left nephrectomy. 
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Fic. 5.—Electrocardiograms in Case 3, before and after left nephrectomy for severe hypertension with 
occlusion of the left renal artery. Hypertension cured by nephrectomy, 12/3/57. 


and remaining at this level for the next 15 minutes. 24-hour output of catechol amines: Nor-adrenaline 
26 wg. Adrenaline 3-7 wg. (These values are within normal range.) Jntravenous pyelography. Right 
kidney and ureter normal. No function on left side. Retrograde pyelography. Right kidney normal. 
Left kidney shows some dilatation of pelvis, without dilatation of the calyces (Fig. 6). Aortography (Fig. 7): 
The left renal artery is occluded about 1 cm. from the aorta. The right renal artery is normal. 
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Fic. 6.—Retrograde pyelography in Case 3, Fic. 7.—Aortography in Case 3, showing 
showing a left-sided hydronephrosis. occlusion of the left renal artery 1 cm. 
from the aorta. 





Fic. 8.—Left renal artery of Case 3, showing occlusion Fic. 9.—Photograph of kidney removed in Case 3. The 
of the lumen with recent thrombus. The throm- upper pole of the kidney is white and avascular. 
bus proved histologically to lie in the media and 
to be in the nature of a dissecting aneurysm. 
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A diagnosis of early malignant hypertension with unilateral renal arterial occlusion and hydronephrosis 
was made and left nephrectomy was performed on 12/3/57. It was noted that the renal artery was occluded 
by recent thrombus (Fig. 8). 

The pathological report by Dr. H. D. Attwood on the specimen (Fig. 9) was as follows. 

‘Left Kidney. The specimen consisted of a hydronephrotic kidney (12x 6x3 cm.). The dilated pelvis 
(150 ml.) was interposed between the renal vein anteriorly and the renal artery posteriorly. The mucosa of 
the pelvis was granular and focally injected. The renal artery and all its major branches showed the 
appearances of a dissecting aneurysm. Microscopic examination showed glomerular hyalinization, inter- 
stitial fibrosis, and tubular atrophy in keeping with a hydronephrosis. The pelvis was lined by a non-specific 
inflammatory granulation tissue, with an unusual proportion of eosinophils. The renal arteries showed 
intimal proliferation, and in the main renal trunk and its major branches there was dissection of blood in 
the media, immediately internal to the external elastic lamina. The intimal entry for such blood was noj 
seen in the representative sections examined. The elastic laminz were intact and there was no evidence of 
cystic medial necrosis. The blood within the media showed little evidence of organization and there was 
merely a focal adventitial inflammatory reaction with aggregations of polymorphs in several places. The 
appearances were those of a hydronephrosis with a pyelitis and dissecting aneurysm of the renal artery and 
its main branch. The etiology of the dissecting aneurysm was obscure. The intimal lesion permitting such 
a dissection was not in the specimen.” 

Post-operatively the blood pressure fell to a normal level (Fig. 10). He was rather pale and nauseated 
on 13/3/57, when his blood pressure was at its lowest (100/80), but otherwise he had a satisfactory convales- 
cence. The retinopathy regressed quickly and the electrocardiogram reverted to normal (Fig. 5). 

He was seen regularly after operation and his blood pressure varied between 120/80 and 120/90. Henow 
enjoys normal health and his blood pressure, one year after nephrectomy, was 120/75. 
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Fic. 10.—Serial blood pressure recordings in Case 3, before and after nephrectomy. 


DISCUSSION 


There is still some empiricism in the treatment of unilateral renal hypertension, and good 
judgment and understanding of the natural history of renal disease are required in selection of cases 
for nephrectomy. Where there is no obvious operative hazard and the diseased kidney is non- 
functioning, as in our Cases 1 and 3, decision is usually easy. In other patients, as in Case 2, 
where the diseased kidney has some function, it is important to balance the loss of functioning renal 
tissue against the likelihood of lowering blood pressure and thereby preventing or possibly reversing 
hypertensive disease in the good kidney. 
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It is in this group that split function studies may supplement intravenous and retrograde pyelo- 
graphy and renal angiography, in determining the likelihood of successful reduction of blood pres- 
sure by nephrectomy. An ischemic kidney, that is maintaining hypertension, usually secretes 
urine less in volume and with lower sodium concentration than that obtained from the healthy 
kidney (Howard ef al., 1956). In this regard, investigation could be regarded as incomplete in 
Case 2, though the severity of his symptoms necessitated urgent, even if empiric, treatment. More- 
over the clinical pattern of severe hypertension, with a diastolic pressure of over 130 mm. Hg, 
convulsions, and severe retinopathy with papillceedema, fulfilled the diagnostic criteria required by 
Perera and Haelig (1952) for expectation of successful nephrectomy. 

The rigid criteria of cure of Homer Smith (1956)—‘‘established pre-operative hypertension 
and a post-operative reduction to 140/90, or below, for at least one year’’—were not satisfied 
in Cases 1 and 2. In the case of the first patient, a fall of blood pressure from 220/110 pre- 
operatively to 160—170/85—90 post-operatively, in a 48-year-old woman, could reasonably be expected 
to give improved health and an increase in expected life span. Moreover, it has been argued by 
Poutasse and Dustan (1957) that Homer Smith’s rigid criteria could well be modified, so that a fall 
of blood pressure post-operatively to within the normal range for age and sex (Master et al., 1950) 
is adequate to qualify for cure. We agree with this modification of the criteria and therefore 
suggest that our first patient was cured by nephrectomy of moderate hypertension. 

The second patient is the most difficult one to assess. He was rescued from a desperate state 
of malignant hypertension by hypotensive drugs, but, after a period of two years’ treatment, these 
drugs were gradually withdrawn and a year later he was in good health with a blood pressure of 
125/90. We think it likely that this patient failed to have an immediate response to nephrectomy 
(in striking contrast to Case 3), because the remaining kidney also had pyelonephritis or, more 
likely, severe hypertensive changes. It is well known that such hypertensive changes, short of 
malignant nephrosclerosis, can regress, after the ischemic kidney has been removed. This may 
well have occurred in our case. It is interesting that it was imperative to continue hypotensive 
agents in the post-operative period, because of continued hypertension and convulsions. These 
were administered for two years subsequently, though they might have been withdrawn more rapidly. 
At any rate, the ultimate clinical state was satisfactory. The blood pressure reading of 125/90 
three years after nephrectomy would qualify for cure, according to the criteria of Smith, but it is 
slightly high for a child of 13 years and we should be cautious about his prognosis. 

The third patient had combined lesions of hydronephrosis and dissecting aneurysm of the 
renal artery, either of which could lead to renal ischemia and resulting hypertension, although we 
strongly favour the arterial lesion. Renal arterial occlusion, as a cause of hypertension, has come 
into prominence recently. Margolin et a/. (1957) have collected 15 case reports, including one of 
their own, in which hypertension due to renal arterial occlusion was cured by nephrectomy or 
vascular surgery, and Poutasse (1956, 1957) has written extensively on the subject. More recently, 
Gellman (1958) has reviewed 26 case reports and added one of his own. Twenty-four of these 
27 were cured by nephrectomy, or thrombo-endarterectomy. In only one of these patients, 
the case of Gilfillan et a/. (1956), was the arterial lesion a dissecting aneurysm, as in our patient. 
The value of aortography in the diagnosis of arterial occlusion is illustrated in our case and is 
emphasized by Poutasse and Dustan (1957) and Gellman (1958). 


SUMMARY 


Three cases of severe hypertension associated with unilateral renal disease are described. Two 
had hydronephrosis and pyelonephritis and one had hydronephrosis and renal arterial occlusion 
due to dissecting aneurysm. Nephrectomy was carried out in each case and the follow-up periods 
are 5, 3, and 1 years respectively. Criteria of cure are discussed. Cure is claimed for the patient 
with arterial occlusion, and, with reservations, cure could also be claimed for the other two patients. 
The value of aortography in demonstrating renal arterial occlusion is illustrated. 
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The association between heart lesions and metastasizing carcinoid tumours is now well known. 
The first description of this syndrome reported in England is that of Cassidy (1930, 1931) 
although the author did not appreciate the nature of the liver metastases and their connection with 
the pulmonary valve stenosis. Scholte (1931) in his description of a case of metastasizing carcinoid 
tumour with heart valve lesions considered the possibility of an association between the two. 
Similar observations were made by Biorck ef al. (1952), by Isler and Hedinger (1953), and by 
Rosenbaum ef al. (1953). It was Waldenstrom and Ljungberg in 1953 who suggested that secretion 
of 5 hydroxy-tryptamine (5 H-T; serotonin; enteramine) by metastases in the liver might cause the 
lesions in the right side of the heart. Detailed studies by Thorson et al. (1954) and by Waldenstrom 
and Ljungberg (1955) established that in patients with the carcinoid syndrome there is an increase 
in the circulating 5 H-T which is derived from the tumour deposits in the liver, and that this substance 
is present in higher concentrations in the right heart blood than in the systemic circulation. . 5 H-T 
is known to be largely inactivated in its passage through the lungs (Sjoerdsma et al., 1956; Goble 
et al., 1955, 1956). An inactive breakdown product, 5 hydroxy-indole acetic acid (5 H.1.A.A.) is 
formed and passes into the general circulation and is excreted in the urine: it can be measured by the 
methods of Udenfriend et al. (1955), and of Hanson and Serin (1955) and high urinary levels confirm 
the diagnosis of metastasizing carcinoid tumour. 

Although recent reviews have been published by Macdonald and Robbins (1957), and Thorson 
(1958), detailed accounts of the fully developed syndrome are uncommon. In this paper three 
patients with carcinoid heart disease are described together with the findings post mortem. 


CASE 1 


A widow, aged 64, developed a dusky red face and painless watery diarrhoea in the summer of 1954, 
and in the August she began to have headache, anorexia, and vomiting for which she was admitted to 
hospital. She was found to have bilateral hydronephrosis with hypertension (B.P. 220/115): the urine 
contained a little protein and scanty red and white cells, and the blood urea was 120 mg. per 100 ml. Her 
symptoms improved with rest in bed. She remained under her own doctor for the next two years; during 
this time the flushing of her face increased and the diarrhoea became worse; she lost two stones in weight 
and, in December, 1955, she began to have redness and swelling of her hands and feet and peeling of the 
skin of her extremities and abdomen; there was periodic itching and redness of the skin over these sites. 
She became short of breath on exertion and developed severe oedema; and she was readmitted to hospital 
in February, 1956. 

The family history revealed three cases of malignant disease: her mother had died of uterine carcinoma, 
a sister of carcinoma of the stomach, and a brother of carcinoma of the prostate. 

On examination her appearance was spectacular for her face was purple and cyanotic, suggesting 
polycythemia, and there were many fine telangiectases; her hands and feet were dark red, and the rest of her 
skin was less deeply coloured. In addition there were frequent bright patches of red flushings over the face 
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and chest lasting for a minute or two at a time. She was unaware of the flushes, which were not accom. 
panied by any change in the pulse rate or blood pressure. The jugular veins were filled to the level of the 
angle of the jaw when she was sitting, and there was gross pitting oedema of the legs, lumbar region, and lower 
abdominal wall. The retinal veins were engorged. The pulse was regular and the blood pressure 180/100, 
The apex beat was in the sixth interspace in the anterior axillary line. There was a harsh systolic murmur 
with thrill at the tricuspid area and a short early diastolic murmur at the pulmonary area. There were 
expiratory rhonchi over the lungs and the bases were free from rales. The liver was much enlarged with 
the lower edge in the right iliac fossa and it was hard and nodular. Visible peristalsis and borborygmi were 
noted. Rectal examination was normal. 
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Chest X-ray showed considerable increase in the cardiac diameter, involving the right atrium and both | 


ventricles; there was a small left-sided pleural effusion. The electrocardiogram showed sinus rhythm and 
low voltage complexes without evidence of right ventricular hypertrophy. 

The diagnosis made was of malignant carcinoid with hepatic deposits and consequent lesions of the 
tricuspid and pulmonary valves, and congestive heart failure. 


Investigations. Estimations of the 24-hourly urinary output of 5 hydroxy-indole acetic acid by the | 


method of Hanson and Serin (1955) were: 247, 200, 350, 164, and 234 mg. (normal under 10 mg./24 hours), 
Hemoglobin 12-6 g. per 100 ml. Platelets 276,000/cu. mm. Non-protein-nitrogen 34 mg. and plasma 
bilirubin 0-2 mg., each per 100 ml. Alkaline phosphatase 12:7 K.A. units. Serum proteins 5-2 g. per 
100 ml. (albumen 2-7, globulin 2:5). The stools contained occult blood. 

Progress. With rest in bed and mersalyl she lost her signs of congestive failure and on codeine her 
diarrhoea lessened, and she went home. The cedema soon returned and in September, 1956, she was read- 
mitted; she was now deeply jaundiced, emaciated, drowsy, and confused. Her facial appearance and the 
flushings were unchanged and diarrheea persisted. The liver was no bigger, though the nodules were more 
easily felt. At first she improved on bed rest and mersalyl, but the cedema later increased. The blood 
non-protein nitrogen rose to 200 mg. per 100 ml. She became drowsy and weak and died in October, 1956. 

Necropsy (Professor T. F. Hewer). The abdominal cavity contained 1500 ml. of deeply bile-stained 
fluid. There were no adhesions. In the ileum, 55 cm. above the ileo-cecal valve the gut was acutely 
kinked at the site of a rounded tumour about | cm. in diameter, arising in its wall. The tumour projected 
into the lumen of the gut, was covered with intact mucosa, and invaded the serous coat. There was a 
Meckel’s diverticulum, 5 cm. below the tumour, with a small nodule in its wall. A group of enlarged 
lymph nodes lay in the mesentery. The /iver (2600 g.) was acutely congested and jaundiced, and contained 
many tumour metastases, mainly in the right lobe, the biggest measuring 8x 10x19 cm. They were pale 
and of uniform texture on section, containing occasional areas of central necrosis. The spleen (165 g,) 
showed acute congestion only. The kidneys were hydronephrotic without visible cause of obstruction to 
the ureters. In the pleural cavities there were small effusions. The /ungs showed areas of collapse at their 
bases with patches of broncho-pneumonia. There were a number of small pale metastatic deposits beneath 
the pleural surfaces. 

The heart weighed 240 g. The epicardium and pericardium were normal. The left atrium and ventricle, 
and the mitral and aortic valves were normal. The right atrium was greatly dilated and had a patchy white 
deposit upon its endocardial surface. The tricuspid valve was 11 cm. in circumference, and its cusps were 
thickened and opaque and narrowed from above downwards. White deposits had converted two of the 
larger chordz tendinez into white conical pillars, the base of the cone being attached to the cusp margin, 
and white material extending from the apex on to the papillary muscle in each case. The right ventricle 
was greatly dilated and hypertrophied and its endocardium was normal. The pulmonary valve (Fig. 1A) 
had a circumference of 6:5 cm. (normal 8-5 to 9 cm.; Ross, 1948). Its cusps were thickened and adherent 
at their commissures, and the free margins were rolled inwards towards the sinuses. The appearance 
suggested the presence of both stenosis and incompetence. The main pulmonary artery was dilated, but 
no deposit of any kind was seen in its wall or in its main branches. 

Histology. The ileal tumour was a typical carcinoid arising in the submucosa and invading the muscle 
and subserous coats. It was composed of argentaffin cells lying in groups or islets surrounded by an 
abundant fibrous stroma. The nuclei of the tumour cells varied greatly in size and stained deeply, giving a 
malignant appearance. The nodule in the Meckel’s diverticulum was another carcinoid, but did not appear 
malignant. Metastases in the mesenteric lymph nodes and liver were composed of argentaffin cells similar 
to those in the ileal tumour. The deposit on the wall of the right atrium was composed of layers of collagen 
loosely packed, applied to the surface of the endocardium, the elastic lamina of which was intact. No 
fibrin or hemosiderin was present. The tricuspid valve cusps were thickened by the deposit upon their 
atrial surfaces of acellular collagen. The affected chordz could be identified as small round structures with 
an intact elastic lamina embedded in a mass of collagen. The pulmonary valve (Fig. 2A) cusps were 
thickened by deposits applied both to their proximal and distal surfaces. Some fine blood vessels could be 
seen beneath the endocardium of the cusps and also between the cusps and the collagen deposit. In the 
lungs there were small tumour metastases, mostly just beneath the pleura, and some small clumps of tumour 
cells lay within lymphatics. In a few small arteries the lumina were narrowed by hyaline subendothelial 
thickening. 
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Summary. This woman, aged 66, had diarrhoea for two years, a dusky facial colour, and flushings. 
Later she lost weight and developed congestive heart failure with evidence of pulmonary and tricuspid 
valve lesions. The liver was enlarged and nodular. The clinical diagnosis of metastasizing carcinoid with 
heart disease was supported by high urinary output of 5-H.I.A.A. Extensive endocardial changes were 
found post mortem. 








Fic. 1.—Pulmonary Valve. (A) The cusps are thickened and their margins are rolled in 
to the sinuses. Case 1. (B) A thick white deposit lies over the cusps, binding them 
together at the commissures and spreading down on to the ventricular muscle. Case 2. 


CASE 2 


A housewife, aged 64, was first seen in December 1955 with a month’s history of progressive oedema of 
her legs, thighs, and lower abdomen. She had cyanosis of the face and lips. The jugular veins were filled 
to the level of the angle of the jaw when she was sitting, and the liver margin was felt 10 cm. below the costal 
margin; there was no pulsation in the neck veins or in the liver. She was able to lie flat without distress, 
and the lung bases were free from rales. The pulse was regular and the blood pressure 170/100. The 
apex beat was in the sixth interspace in the anterior axillary line. A systolic murmur was heard at the 
pulmonary area and at the apex. Fluoroscopy showed generalized cardiac enlargement and cardiac 
movements of small amplitude. The electrocardiogram showed sinus rhythm, right axis shift, and some 








COSH, CATES, AND PUGH 





Fic. 2.—Histology of the Deposit. (A) Section through cusp of the pulmonary valve, on left, and wall of the 
pulmonary artery, on right. The margin of the cusp is rolled over to the right, and bound down by deposit, 
which continues to the bottom of the sinus, but not on to the artery wall. x20. Case 1. (B) Section 
through edge of deposit lying on right atrial wall. The internal elastic lamina is unbroken, and clearly 
shows the boundary between endocardium and deposit. Nuclei of fibroblasts are seen in the deposit. 
x 100. Case 3. 


evidence of right ventricular hypertrophy. A diagnosis was made of tricuspid stenosis, presumably of 
rheumatic origin, with congestive failure, although she had no history of acute rheumatism. 

Progress. Her congestive failure responded to rest in bed, digitalis, and mersalyl. However, in April, 
1956, her symptoms returned and she now developed diarrhcea with bowel actions 3 or 4 times daily. On 
admission to hospital in May, 1956, she had a dusky cyanotic facial colour, with fine telangiectases on the 
cheeks. No flushings were seen. As well as venous congestion and cedema she had now developed 
ascites. Her cardiac signs were unchanged though some observers felt a systolic thrill at the pulmonary 
area, and there was a short mid-diastolic sound heard in the tricuspid area. After improving at first, she 
gradually deteriorated, becoming drowsy and fretful and losing weight. For a week she was found to have 
extensor plantar responses, without other neurological signs; the responses then became flexor again. The 
liver enlarged further and diarrhoea continued; per rectum a firm diffuse induration was felt throughout 
the pelvis but there was no definite mass. She died in July, 1956. The final clinical diagnosis was of an 
intra-abdominal malignant tumour of undetermined site, with secondary metastases in the liver, associated 
with tricuspid stenosis and congestive failure. 

Investigations. Hemoglobin 15-4 g. per 100 ml. W.B.C. 9400 per cu. mm. Blood urea, 70 mg. per 
100 ml. Stools: no blood present, no pathogenic bacteria. Serum proteins, 7:2 g. per 100 ml. (albumen 
3-9, globulin 3-3). Blood WR, negative. 

Necropsy (Professor T. F. Hewer). The abdominal cavity contained a few hundred ml. of straw- 
coloured fluid, and was almost obliterated in its lower part by dense fibrous adhesions in which the small 
intestine and pelvic organs were bound together. The inferior vena cava was formed at the level of the renal 
veins by the junction there of the two common iliac veins. There was no obstruction to the lumina of the 
veins nor was there venous thrombosis. In the upper i/eum a tumour 1 cm. in diameter was found, lying at 
a point of acute angulation in the intestine; the tumour lay beneath the intact mucosa and invaded the 
muscle coat of the ileum. There was a group of enlarged lymph nodes nearby in the mesentery. The 
liver (1790 g.) had a roughened irregular surface from cardiac cirrhosis, and contained several large rounded 
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deposits of tumour; their surface was pale and homogeneous on section. The kidneys showed bilateral 
acute pyelonephritis with inflamed and dilated pelves; both ureters were compressed by the pelvic fibrous 
tissue in which they lay. The brain (1375 g.) had a normal external appearance. On section, a small area 
of softening 4 mm. in diameter was found in the corona radiata in the left hemisphere and there was a similar 
lesion in the pons. The pleural cavities each contained a litre of fluid. The lungs both showed compression 
and collapse of their lower lobes, but no metastatic deposits. 

The heart weighed 325 g.; the epicardium and pericardium were normal. The left atrium and ventricle, 
and the mitral and aortic valves were normal. The right atrium was greatly dilated, and its endocardium 
was almost entirely coated with a pearly white layer 1-2 mm. thick, giving its wall a leathery consistency. 
This coat extended on to the fricuspid valve (Fig. 3A) which was grossly thickened and deformed. Its 





Fic. 3.—Tricuspid Valve. (A) Gross thickening of the cusps. The chord are encased in white deposit which 
encroaches on to the papillary muscle on the left; that on the right has been cut. Case 2. (B) Atrial 
aspect of the stenosed and incompetent valve. A thick plaque of deposit is seen in the foreground lying 
near the orifice. Case 3. 


circumference was 8:5 cm. (normal, 12-12-7 cm.; Ross, 1948), and its chorde were short and thick, the 
deposit continuing along them on to the papillary muscles. It appeared that the valve must have been both 
stenosed and incompetent. The right ventricle was dilated and hypertrophied, and its walls were free from 
deposits. The pulmonary valve (Fig. 1B) was stenosed, with a circumference of 5 cm. Its cusps were 
adherent at their comissures and thickened, with their free margins rolled towards the sinuses. 


Histology. Theileal tumour was a typical malignant carcinoid, its argentaffin cells lying in a thick scirrhous 
stroma, and invading the muscle coats of the intestine. The mesenteric glands and liver contained metastases 
of argentaffin cells of similar appearance. The peritoneal adhesions contained no tumour cells, but were 
composed entirely of fibrous tissue. In the right atrium the thickened endocardial areas were seen to 
consist of collagen applied in strands running parallel with the endocardial surface, without breaking or 
penetrating the internal elastic lamina, which clearly marked the separation between deposit and endocardium. 
Deposits on the tricuspid valve were mainly on the ventricular surfaces of the cusps, and were applied to its 
surface without invading it. A few histiocytes were seen in the deposit, containing grains of hemosiderin. 
A frozen section of the right ventricular myocardium showed a fine fatty infiltration of all the muscle 
fibres; there was no fat in the endocardial deposits. Several sections of the lungs showed intimal thick- 
ining in the smaller branches of the pulmonary arteries. 

Summary. This woman died, aged 64, after less than a year’s illness. She had progressive cedema with 
an enlarged liver, dusky facial cyanosis, and evidence of tricuspid stenosis. The cedema at first responded 
to digitalis and mersalyl but recurred. Necropsy showed an ileal carcinoid tumour and hepatic metastases, 
with lesions of the right atrium and tricuspid and pulmonary valves. 
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CASE 3 


A man, while serving in the Royal Air Force in 1943 at the age of 21 years, began to notice transient 
flushing of the face, lasting not more than three minutes at a time, every few days. He also had attacks of 
dizziness without flushing, on one occasion followed by a brief loss of consciousness. His bowel actions 
were loose but they had always been so. In 1946 he was demobilized in physical category Al. The facial 








flushes became more obvious and by 1950 he noticed that a series of flushes would lead to cedema of his 
eyelids and beneath his chin, followed some hours later by the passage of large amounts of urine. The 


attacks of dizziness continued, particularly on standing up from a lying position, when he would sometimes 
briefly lose consciousness. By this time his face was ruddier than before, and in cold weather his cheeks 
and lips were deeply cyanosed. This was attributed to polycythemia. In 1956 he began to have dyspnea 
on effort and attacks of tightness in the chest with wheezing and giddiness. Bowel action continued to be 
loose and frequent, up to six times daily. A metastasizing carcinoid tumour was suspected, and he was 
admitted to hospital for investigation. 

On examination his face was plum coloured with a fine generalized telangiectasia (Fig. 4), and a similar 
cyanosis was seen on the upper arms and beneath the finger nails. Superimposed red flushes were not 
observed, nor were there periods of bronchospasm. He was well built and had lost no weight (weight 
182 lb., height 70 inches). There was no cedema. The neck veins were filled to S~7 cm. above the clavicle 


Fic. 4.—Colour photograph of Case 3, 
showing the deep red colour of his 
face and ears. 





in the sitting position and there was a bounding expansile pulsation in the superficial and deep jugular veins 
immediately following ventricular systole. The pulse was regular and blood pressure 160/110. The 
cardiac apex was in the fifth interspace in the midclavicular line and the heart sounds were normal. There 
was a systolic murmur at the tricuspid area followed by a short mid-diastolic murmur. The lungs were 
clear. The liver was enlarged nearly to the umbilicus and was hard and smooth, with expansile pulsation in 
time with the neck veins. 

Chest X-ray showed generalized cardiac enlargement with a cardiothoracic ratio of 55 per cent and 
particular involvement of the right atrium and ventricle. The electrocardiogram showed right axis shift 
with right ventricular hypertrophy. 

Investigations. Urinary excretion of 5-hydroxy-indole acetic acid was much increased, being 116 and 
114 mg. per 24 hours by Hanson and Serin’s method. Haemoglobin 17 g. per 100 ml.; red cells 5-7 million 
per cu. mm. 

At diagnostic /Japarotomy (Mr. T. Schofield, January, 1957) it was seen that the liver was grossly enlarged 
and contained tumour deposits; no primary tumour was found in the ileum and there were no peritoneal 
adhesions. Histological examination (Dr. R. L. Bishton) showed the liver deposits to be composed of 
argentaffin cells arranged in masses lying in a fibrous stroma. 
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Progress. Dibenylene was given in doses of 100 mg. twice daily as an antagonist to 5 H-T. Diarrhea 
lessened but the facial appearance and the urinary output of 5-H.I.A.A. were unchanged. Later rauwolfia 
was given without effect. He gradually lost weight, but continued working as a clerk until April, 1958. 
He then developed vomiting and abdominal pain with distension, and was readmitted to hospital with 
intestinal obstruction. He died without surgical intervention. 

Necropsy (Dr. R. L. Bishton). The abdominal cavity contained many adhesions which were most 
dense between the diaphragm and the right lobe of the liver, in the right renal angle, and in the pelvis, but 
not pronounced near the laparotomy scar. Intestinal obstruction was due to diffuse adhesions around the 
terminal ileum. In the mucosa of the i/eum, 2 cm. above the ileo-cecal valve, was a small nodular tumour 
6mm. in diameter ; there was no angulation of the gut at this point. No other tumours were found. The 
liver (2100 g.) showed signs of chronic venous congestion and contained several firm pink spherical tumour 
deposits, up to 5 cm. in diameter. The kidneys were normal. The pleural cavities contained a clear 
effusion of 200 ml. on each side. The lungs showed moderate congestion only. 

The heart weighed 490 g. The pericardial surface was roughened over the right atrium and there was a 
pericardial effusion of about 100 ml. The left atrium and ventricle, and the mitral and aortic valves were 
normal. The right atrium was dilated, with an irregular patchy white deposit on its inner surface (Fig. 5), 
extending to the margin of the tricuspid valve (Fig. 3B), the cusps of which were thickened and wrinkled. 





Fic. 5.—Right Atrium. The atrial appendix, show- FiG. 6.—Pulmonary Valve. The ventricular aspect of the 
ing white deposit upon the endocardium in its stenosed valve, whose greatest diameter was 15 mm. 
recesses. Case 3. White deposit lies on the ventricular wall proximal to 

the valve. The cut (above) in the anterior wall of the 
ventricle has opened the anterior sinus from below. 
Case 3. 


The commissures were adherent producing a moderate degree of stenosis of button-hole form. The 
chord were thickened and contracted. Functionally the valve appeared to have been both incompetent 
and stenotic. The right ventricle was dilated and hypertrophied, and its endocardium was free from deposit. 
The pulmonary valve cusps were much thickened and adherent (Fig. 6), being covered with a fibrous deposit 
producing a moderately severe stenosis. The pulmonary artery and its branches were normal. 

Histology. The ileal tumour was a malignant carcinoid with well-marked acinar differentiation and a 
dense scirrhous stroma. Tumour cells had penetrated the muscularis mucose and were just infiltrating the 
inner edge of the circular muscle coat. The liver metastases had only a scanty fibrous stroma. Lung 
sections showed no lesions in pulmonary vessels. In the right atrium areas of deposit consisted of fibrous 
tissue with many fibroblasts and some mononuclear cells distributed among collagen fibres which lay 
parallel with the endocardial surface. The internal elastic lamina was intact, with the fibrous deposit lying 
upon it (Fig. 2B). There was some increase in fibrous tissue in the atrial muscle and some epicardial 
fibrosis. Deposits on the pulmonary and tricuspid valves resembled those in the atrium, and the collagen 
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appeared to merge into the substance of the cusps. The right ventricle and the left side of the heart were 
normal, and the coronary arteries showed no abnormal intimal thickening. 

Assay of tumour tissue by the method of Snow et al. (1955), showed a content of at least 875 wg of 5 H-T 
per gram of metastatic tissue from the liver. 

Summary. A man who died at age 36 had had facial flushings for 15 years, and a high facial colour 
suggesting polycythemia for 8 years. Bowel action was always loose. For 18 months before his death 
he was found to have gross hepatic enlargement and the physical signs of tricuspid regurgitation. A diag- 
nostic increase of urinary 5-H.I.A.A. was found, and laparotomy proved the presence of hepatic metastases 
of carcinoid tumour. He died with intestinal obstruction caused by peritoneal fibrosis. Post-mortem, 
characteristic lesions were seen in the right atrium and tricuspid and pulmonary valves. 


ELECTRON MICROSCOPE EXAMINATION 


Fragments of the deposit were dissected free from the surface of the right atrium in each of the 
three cases for examination by electron microscopy by Dr. Madeline Keech. After verification by 
light microscopy that the specimens consisted only of the carcinoid deposit and were free of atrial 
wall, duplicate samples from the three cases were fragmented in water in a glass tissue grinder, and 
drops of the fine suspension placed on collodion-covered grids, allowed to dry, shadowed with 
chromium, and examined in the electron microscope (Fig. 7). 





Fic. 7.—Electron Microscopy of Deposit. The scale marked on the left represents 1; the preparation was shadowed 
with chromium. A representative area of the ground deposit showing (a) abundant narrow fibrils 200-500 A 
in width and (4) portions of the thin jagged lamella composed of finely granular amorphous material. Some 
fibrils appear to be finely striated (see text). Case 2. Magnification: x 16,500. 


width; (6) numerous jagged, thin, folded lamelle of varying shape and size, composed of finely 
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granular amorphous material; (c) a few dense square-ended fibres and their fragmented equivalent, 
namely, angular, dense bits of varying size and shape; and (d) typical beaded fibrils which represent 
the smallest visible component of collagen (Keech, 1955). The majority of the fibrils described 
under (a) measured 400 A in width, but occasional 500 A fibrils were seen. Some appeared to have 
striations at one-third of the usual spacing, whereas occasional wider ones were developing the 
640 A cross-bands that characterize mature collagen. However, no typical mature collagen was 
seen during careful scrutiny of over 4000 microscopic fields. 

Duplicate samples from Cases 2 and 3 gave identical pictures, but the scanty specimen from Case 1 
contained fewer fibrils and no lamelle. 

Conclusion. These findings are interpreted as a reticulo-collagen system indicating active 
formation of young collagen. The nature of the lamelle and dense square-ended fibres are uncertain 
on their electron-microscope morphology alone, but in view of the histology, the lamellz probably 
represent the fragmented bands of PAS-positive material, and the denser rod-shaped structures the 
(ground) abnormally-staining elastin fibres seen under the light microscope. 


DISCUSSION 


The pharmacological action of 5 hydroxy-tryptamine (5 H-T) has been studied in detail by 
Erspamer (1954) and the rapidly growing work concerning it is reviewed by Page (1958). 5 H-T 
is formed by the argentaffin cells normally situated in the intestinal mucosa, and passes into the 
blood, where it is carried by the platelets, and released from them when blood clots. 5 H-T stimu- 
lates unstriped muscle to contract and in the experimental animal may cause transient rise in blood 
pressure apparently by local action on the blood vessel wall both in the systemic and pulmonary 
circulation. Muscular contraction is induced in the intestine, uterus, bladder, and bronchus. 
5 H-T has a powerful antidiuretic effect probably resulting from contraction of the afferent arterioles 
with a reduction in the glomerular filtration rate. Its normal role in the body is still a matter for 
speculation. 

Administration of 5 H-T in the human subject is known to cause symptoms resembling those of 
the carcinoid syndrome. Thus Reid (1952) noted that its intradermal or subcutaneous injection in 
the forearm caused a local red flare and intense venoconstriction. Page et al. (1955) showed that 
intravenous infusion produced pain in the vein, abdominal and bladder cramp, and tingling and 
burning in the face and neck. Schneckloth et al. (1957), giving 5 H-T intravenously, produced 
typical facial flushing in normal subjects and in two patients with carcinoid tumours. In addition 
one of these patients was found to flush whenever the blood pressure was made to fall by various 
means; a release of 5 H-T was postulated, although proof of an increase in circulating 5 H-T at the 
time of flushing was not obtained. 

In Case 3 there was transient facial and submental cedema, followed later by polyuria. 
Sjoerdsma et al. (1956) reported similar edema. Rowley and Benditt (1956) described oedema in 
the paws of rats after local injection of 5 H-T, the mechanism apparently being exudation of fluid 
resulting from veno-constriction and capillary dilatation. If flushing and facial oedema in our 
patient are attributed to a temporary increase in circulating 5 H-T, subsequent polyuria may have 
represented the recovery phase from an antidiuresis due to 5 H-T. 

Slow Progress of Carcinoid Tumours. Carcinoids arising in the appendix are benign and non- 
metastasizing, but those arising in other sites are malignant, though they may advance very slowly 
(Pearson and Fitzgerald, 1949). Both the local fibrous reaction and the nature of the distant 
lesions in the heart are evidence of a slowly advancing process. Although we do not know when 
tumour growth began in our first two cases, the long duration of symptoms in Case 3 indicates the 
presence of a tumour for at least 15 years. Patients with histories of over 10 years duration are 
cited by Mallory (1940), Waldenstrom and Ljungberg (1955), Mills (1956), and Sjoerdsma et al. 
(1956). 

The valvular and atrial lesions in our cases were similar to those described by Macdonald and 
Robbins (1957). In all of them there were patchy white deposits of collagen 1-2 mm. thick on the 
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atrial wall, extending on to the tricuspid valve cusps and their chorde. The underlying endo- 
cardium was normal and its internal elastic lamina was intact, although the cusps and chordz had 
been distorted by the deposit. Contraction of the chorde and binding together of the cusps 
produced tricuspid valves that appeared both incompetent and stenosed; in life the physical signs 
were mainly those of the tricuspid stenosis in Cases 1 and 2, and of regurgitation in Case 3. In all 
cases the ventricular endocardium was spared; ventricular dilatation and hypertrophy could be 
attributed to the valve lesions, and there was no sign of primary muscle damage. The pulmonary 
valve lesions resembled those of the tricuspid valves, being due to the deposit upon the cusps of 
collagen binding them together at the commissures to produce stenosis, and rolling them over at 
their free margins into the sinuses to produce regurgitation. In life the physical signs were those 
mainly of pulmonary regurgitation in Case | and stenosis in Case 2; there were no physical signs of 
a pulmonary valve lesion in Case 3. Beyond the pulmonary valves no lesions were found in the 
main pulmonary arteries, although there was intimal thickening in a few small arteries in Cases | 
and 2. 

The simultaneous development of valvular stenosis and regurgitation at once suggests a 
resemblance to chronic rheumatic heart disease, but the resemblance is superficial. In rheumatism 
there are chronic inflammatory changes in the endocardium and within the cusps and chorda, but 
in carcinoid disease, the deformity arises from deposit upon the endocardium, and not from change 
within it. In rheumatism the myocardium and pericardium are attacked but in carcinoid disease 
the primary change spares both. In rheumatism the valves most affected are those of the left 
ventricle, but in carcinoid disease lesions are confined to the valves of the right ventricle. 

Two other conditions characterized by fibrosis within the heart chambers may be contrasted 
with carcinoid heart disease. In endomyocardial fibrosis, whether in Africans (Davies and Ball, 
1955) or not (Lynch and Watt, 1957) there is diffuse fibrosis in the inner third of the ventricular 
wall and in the endocardium, affecting either ventricle; it is more severe towards the apex, and may 
extend on to the chordze of the tricuspid valve or the posterior cusp of the mitral valve. The atria 
are spared. Microscopy shows loosely textured fibrous tissue within the endocardium; deep to it 
is a zone of vascular granulation tissue from which fibrous tissue and irregular patches of elastic 
tissue extend into the myocardium. In congenital fibro-elastosis the patient usually succumbs in 
infancy, although occasional cases may survive into adult life (Gowing, 1953; Auld and Watson, 
1957). Associated malformations of the heart are common. Endocardial thickening mainly 
affects the left ventricle, usually over its entire wall, and the histological appearance is that of densely 
packed collagen and elastic fibres replacing the sub-endocardial layer, and penetrating for a variable 
distance into the myocardium. 

The Cause of the Heart Lesions. The connection between 5 H-T and lesions in the right heart is 
well established. It is supported by the rare finding of additional lesser lesions in the left heart in 
cases with patency of the foramen ovale and a right-to-left shunt (McKusick, 1956, Case 2). Experi- 
mental attempts to produce carcinoid heart disease in animals either by intravenous infusion of 
5 H-T (Correale, 1953) or by feeding the biological precursors of 5 H-T (Sjoerdsma et al., 1956) have 
failed, perhaps because any experiment is brief when compared with the long duration of carcinoid 
disease in man. The precise sites of the lesions in the right heart call for further explanation. 
Thus the hepatic veins, the endocardium of the right ventricle, and the walls of the main pulmonary 
arteries are spared, although all are exposed to circulating 5 H-T. It seems that mechanical stress 
must be the additional factor, causing the appearance of the deposit on the tricuspid and pulmonary 
valve cusps and on the endothelium of the dilated right atrium. Again there is a similarity to 
rheumatic heart disease, in that rheumatism attacks those valves called upon to withstand the 
greatest pressure differences (Wood, 1954). 

The mechanism by which 5 H-T causes collagen deposit is obscure. The absence of fibrin and 
scarcity of hemosiderin in the deposit suggest a mode of development other than that of organization 
of thrombus. The possibility remains that there may be some relationship between 5 H-T and 
growth of fibroblasts. Thus, fibrosis in and around the primary tumour is common and there may 
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be diffuse peritoneal adhesions (Cases 2 and 3); peritoneal fibrosis in our Case 2 was unusually 
dense but matches the descriptions given by Cassidy (1931) and by Hedinger and Gloor (1954). 
In our Cases | and 2 the primary tumour lay at a point of acute angulation caused by fibrosis in the 
gut wall, and in Case | there was dilatation of the gut above this point. Sometimes there may even 
be obstruction at the site of an argentaffin tumour demanding surgical relief (Duncan et al., 1955: 
Macfarlane et al., 1956). It would not be surprising therefore if the abdominal fibrosis and the 
lesions within the heart were all due to a specific action of a secretion from these tumours. This is 
supported by the report of Macdonald et al. (1958) that repeated subcutaneous injections of 
serotonin in rats produce an increase in collagen and fibroblastic proliferation at the injection site. 

Treatment. Attempts at relief of symptoms by 5 H-T antagonists have so far been disappointing. 
Dibenylene and rauwolfia in our Case 3 brought no real relief and led to no fall in the output of 
urinary 5-H.I.A.A. Symptomatic remedies appear more successful, such as the use of codeine for 
relief of diarrhcea in our Case 1, or of chlorpromazine for relief of nausea and vomiting (Schneckloth 
et al., 1957). Radical relief could only be afforded by removal of tumour deposits, which can only 
be feasible in cases having major extra-hepatic deposits, as in the ovary or mesenteric glands. 


SUMMARY 


Three patients are reported who had small malignant carcinoid tumours of the ileum with large 
hepatic metastases and lesions of the right atrium and tricuspid and pulmonary valves. 

Two died of congestive heart failure and cachexia, and one of intestinal obstruction due to 
adhesions. The autopsy findings are described in detail. 


We wish to thank Professor T. F. Hewer for the post-mortem reports on Cases | and 2, Dr. R. L. Bishton for that 
on Case 3, and Dr. Madeline Keech for the electron-microscope studies. We are also grateful to Professor C. Bruce 
Perry for suggesting the diagnosis in Case 1, and to Mr. T. Schofield for performing the laparotomy in Case 3. We 
are indebted to Mr. N. R. Ling for the assay of 5 H-T in tumour tissue, and to Mr. N. Swain, Mr. D. White, and Mr. 
G. Griffen for the photographs. We wish to thank the Colston Research Fund for a contribution towards the cost 
of the colour plate. 
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Severe pulmonary hypertension due to an increased hindrance to blood flow in the small 
pulmonary arteries frequently complicates mitral stenosis, and when this occurs electrocardiographic 
evidence of right ventricular hypertrophy (RVH) is invariably present. Mitral valvotomy is 
commonly undertaken in patients with such changes, though their reversibility is the subject of 
controversy and opinions differ as to the benefit to be obtained from operation. In view of these 
conflicting opinions we have reviewed the results of surgical treatment of sixty patients with mitral 
stenosis and cardiographic evidence of RVH, and find that in addition to excellent functional improve- 
ment in the majority, the electrocardiogram has returned to normal in almost 60 per cent of the 
survivors. 

METHODS 


Mitral valvotomy was performed in approximately 200 patients in the Manchester Royal Infirmary by 
Mr. Frank Nicholson between 1952 and 1957 and of these 54 had electrocardiographic evidence of RVH. 
A further 6 such patients were operated on in the Manchester Regional Thoracic Surgical Centre by Mr. 
Gordon Jack and Mr. John Dark. Eleven (18%) of these 60 patients died within 24 hours of operation. 
The 49 survivors (14 men, 35 women) have been closely followed and the cardiographic changes related to 
functional improvement and the valve size estimated by the surgeon at operation. All patients were 
examined clinically and radiologically in the University Department of Cardiology, Manchester Royal 
Infirmary, before operation and were considered to have predominant mitral stenosis with associated 
pulmonary hypertension. Two had mild aortic regurgitation in addition and one tricuspid regurgitation. 
Patients were classified functionally, using the New York Heart Association’s classification (1939) and all 
have been reviewed recently. Those operated on within the last six months were not included. 

Electrocardiograms were recorded before operation and at intervals after in all patients. The examina- 
tion consisted of standard leads, augmented unipolar limb leads, and precordial leads V1 to V6 using 
Wilson’s central terminal. In two patients the standard leads only were recorded before operation. 


CRITERIA FOR THE ELECTROCARDIOGRAPHIC DIAGNOSIS OF RIGHT VENTRICULAR HYPERTROPHY 

The criteria used for the diagnosis of RVH in this paper are those suggested by Milnor (1957) and are 
as follows, using the definitions given here. 

The duration of the QRS complex must be less than 0-12 second with in addition either (1) a mean frontal 
plane axis from +110° to +180°, or —91° to +180°, and/or (2) R/S or R’/S ratio in lead V1 greater than 
1-0, with R or R’ greater than 0-5 millivolt (subsequently referred to as RVH pattern in V1). 

(1) R/S ratio. The ratio of the amplitude of the tallest single positive deflection in a lead (numerator) 
to that of the deepest negative deflection in the same lead (denominator). Amplitudes are measured from 
the P-Q segment. 

(2) R’. The second of two positive components of a QRS complex that are separated by a downward 
defiection that reaches or crosses the iso-electric line. 
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(3) Mean QRS axis. Mean manifest frontal plane QRS axis calculated from the nomogram of Carter 
et al. (1919). ; 

(4) Frontal plane QRS axis. Normal=0° to + 110°; left axis deviation=0° to —89°; right axis deviation 
(RAD)=+110° through 180° to —90° (inclusive). 

(5) QRS duration. Durations equal to or greater than 0-12 sec. are termed abnormal. 

Whatever criteria are used to diagnose RVH by the electrocardiogram a small number of errors will be 
made. The most widely used criteria are those of Myers et al. (1948) and Sokolow and Lyon (1949). These 
are sometimes difficult to apply in practice, and do not provide for the diagnosis of RVH in the presence 
of an R’ wave in VI. Milnor (1957) has shown by electrocardiographic and vectorcardiographic studies 
of normal persons and patients with heart disease that the most important and characteristic electrical 
change produced by RVH is the shift of the spatial QRS axis rightward and anteriorly, and because of this 
he criticizes Myers et al. (1948) and Sokolow and Lyon (1949) for not accepting right axis deviation (RAD) 
as evidence of RVH. He concludes that less than 0-15 per cent of the normal adult population have a 
mean frontal plane QRS axis more positive than +110° and gives good evidence why RAD greater than 
+ 110° indicates RVH and should be included in the criteria for its diagnosis. 

Previous criteria have not provided for the diagnosis of RVH when an R’ wave appears in VI for it 
has been regarded as evidence of a conduction delay, which made it impossible to identify RVH. Milnor 
(1957) concludes that a tall R wave or R’ in V1 is the result of vectors of increased magnitude from a hyper- 
trophied right ventricle and includes its presence in his criteria. The advantages of Milnor’s (1957) over 
previous criteria are, therefore, the elimination of unnecessary factors, making practical application easier 
without any loss of diagnostic accuracy and their applicability to records with R’ in V1. 

A small proportion of patients with these criteria will have coronary artery disease and no RVH, but 
this is also true of other criteria and is unlikely to lead to errors in the present investigation. We believe 
that occasionally the cardiogram although normal by Milnor’s (1957) criteria may show minor changes due 
to RVH. No cases with electrocardiograms of this type before operation have been included and those 
showing such changes after operation are discussed later. Examples of cardiograms showing Milnor’s 
(1957) criteria of RVH are shown in Fig. 1. 
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Fic. 1.—Criteria for diagnosis of right ventricular hypertrophy. (A) Abnormal right axis deviation with 
normal V1. (B) Normal axis deviation but with RVH pattern in Vl. (C) Abnormal right axis 
deviation and RVH pattern in V1. 


RESULTS 


Table I shows the details of the cardiograms in the 49 surviving patients before and after 
operation. Before, all showed RVH for the following reasons: 19 had abnormal RAD plus RVH 
pattern in V1, 24 had normal axis but RVH pattern in V1, 4 had abnormal RAD with a normal VI, 
and 2 in whom only the standard leads were recorded showed abnormal RAD (one of these had 
an RVH pattern in V1 post-operatively). 

Following mitral valvotomy the cardiogram returned to normal in 29 (59°%) of the survivors 
(Group 1) and an example is shown in Fig. 2. Although normal by Milnor’s (1957) criteria we 
consider that 4 of these still show traces of RVH though very much less than before operation 
(Fig. 6). In the remaining 20 survivors (419%) (Group 2) signs of RVH persisted though in 6 
(12:5°) considerable improvement occurred (Fig. 3). Twenty-six (65%) out of 40 patients having 
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TABLE I 
DETAILS OF THE ELECTROCARDIOGRAMS BEFORE AND AFTER OPERATION 


Number of cases 


Electrocardiographic changes 





Before After 
operation | operation 
Abnormal right axis deviation; cap eeeeeiid —_— a : 2 
RAD+R/S(V1)>1+R or R (V1)=or>0: 5 millivolt ; 19 3 
Normal axis +R/S(V1)>1+R or R'(V1)=or>0°5 millivolt J 24 15 
No evidence right ventricular hypertrophy .. os — 29 

































































































































































Pre-op. — Post-op. 
' Pre-op. Post-op. 
Fic. 2.—Return of electrocardiogram to 
normal within three months of opera- 


tion. (Auricular fibrillation followed Fic. 3.—Improvement in the pattern of 
operation.) RVH six months after valvotomy. 


a technically satisfactory operation (valve size estimated by the surgeon as greater than 3 cm.) lost 
cardiographic evidence of RVH (Fig. 4). In the remaining 14 RVH persisted though the severity 
decreased in 6 of them. 

The time required for cardiographic reversion to normal ranged from less than three months 
to two years. Accurate assessment of the time taken after operation for the cardiogram to become 
normal was possible in 16 patients. Twelve became normal within 7 months (Fig. 2) and one 
within 8 months of operation; one still abnormal 7 months after operation was normal within 
15 months; one showed continued improvement for 12 months before becoming normal (Fig. 5) 
and another for 24 months (Fig. 6). Only traces of RVH remain in four of the six records showing 
improvement (Fig. 3). In two of these the follow-up period is still only six months and they may 
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VALVE SIZE 
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Fic. 4.—Relationship between final valve size (surgeon’s estimate) and post- 
operative change in electrocardiogram. 
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Pre-op. Post -op. 
3 Months 6Months 12 Months 


Fic. 5.—Reversion of the electrocardiogram occurring between six and 
twelve months after operation. 


yet become completely normal. In one patient initial regression of the RVH pattern (but not to 
normal) was associated with functional improvement (Grade 4 to Grade 2) and disappearance of 
congestive heart failure. Two years later, however, congestive heart failure recurred and was 
associated with an increase in the severity of the RVH pattern which became similar to the original 
record. 











t not to 
‘ance of 
nd was 
original 











R.V.H. AFTER MITRAL VALVOTOMY 



















































































































































































ih 


Pre- Op. Post-op. 
3 Months I2@Months 24 Months 





Fic. 6.—Slow improvement in the electrocardiogram over two years. The final 
record does not show RVH by Milnor’s criteria although traces of it remain. 


Two patients were operated on twice. The first showed temporary functional improvement 
following the initial valvotomy but no change in the electrocardiogram. Deterioration occurred 
after 18 months and at cardiac catheterization a high pulmonary capillary venous (PCV) pressure 
(30 mm. Hg) was found. It was thought either that re-stenosis of the mitral valve had occurred or 
that the operation had not been satisfactory. Re-exploration revealed tight mitral stenosis and a 
good split was obtained: the cardiogram subsequently became normal. The second patient had 
two operations without achieving a satisfactory split of the valve and the cardiogram remained 
unchanged. One other patient in whom the cardiogram was unchanged following operation is 
thought to have had a re-stenosis of the valve because of recurring pulmonary congestion and a 
high PCV pressure (31 mm. Hg). 

Eight patients (16°%) developed persistent auricular fibrillation after operation. In the remainder 
the amplitude of the P waves occasionally diminished—in one case from 6 to 2 mm. 

The age (29-5 and 29-9 years) and sex distribution of groups 1 and 2 was almost identical, but the 
cardiogram became normal in a higher proportion (19 of 27=70°%) of patients with symptoms of 
less than 7 years duration than in those with symptoms for longer than 7 years before operation 
(9 of 20=45°%) (Fig. 7). Approximately the same proportion of good splits was obtained at 
operation in both these groups. 

Mortality rate in patients operated on between 1952-1954 (17%) and between 1955-1957 (19°) 
was similar though in the survivors the cardiogram returned to normal in a rather higher proportion 
of patients operated on in the first three years (74°) compared with those operated on between 
1955 and 1957 (50°). 

Pre-operatively, 44 of the surviving patients were placed in functional grades 3 or 4 and only 
Sin grades 1 and 2. After operation 45 patients were classified as grade 1 or 2 and only 4 as grade 3 
or 4 (Fig. 8). Only one was functionally worse after operation, two were unchanged, and two have 
deteriorated to their original grade following initial improvement (thought to be due to re-stenosis 
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DURATION OF SYMPTOMS 
UNDER 7 YEARS OVER 7 YEARS 
(27 Cases) (20 Cases ) 


2 @ 


Fic. 7.—Relationship between duration of symptoms before valvotomy and 
electrocardiographic reversion. Stippled area=percentage of electrocardio- 
grams returning to normal. Dark area=percentage of electrocardiograms 
showing persistent RVH. 
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Fic. 8.—Functional classification and electrocardiographic pattern before and after operation. 


in one patient). There have been no late deaths. There was a close but incomplete correlation 
between the electrocardiographic change and functional improvement (Fig. 8). 


DISCUSSION 


Electrocardiographic evidence of RVH reflects an increased right ventricular mass proportional 
to the work of the right ventricle (RV). In mitral stenosis pulmonary arterial hypertension is the 
main cause of the increase in RV work. It seems probable that the increased load is insufficient 
to give rise to RV dominance on the cardiogram if the pulmonary vascular resistance (PVR) remains 
normal (Lancet, 1957). Wood (1954) found a close correlation between cardiographic evidence of 
RVH and the PVR, but Goodwin et al. (1955) did not find such a close correlation between the 
cardiogram and the pulmonary pressure: the latter, however, assessed the pulmonary arterial 
pressure from the radiological appearances, a method of rather doubtful accuracy. We have never 
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encountered RVH in patients with a normal PVR and we feel it is reasonable to regard the presence 
of RVH on the cardiogram as implying a raised PVR. 

Accepting this correlation between RVH and the PVR, it follows that regression of the cardio- 
graphic signs after valvotomy implies a fall in PVR. This assumption, however, may not be entirely 
valid. Donald et al. (1957) found that, after successful valvotomy, there was a striking fall in RV 
work, but this was only in part due to a fall in PVR and pulmonary arterial pressure although both 
these parameters were invariably reduced. An important factor was a fall in cardiac output, 
an unexpected and inexplicable finding. Thus, a pre-operative RV cardiogram certainly means a 
raised PVR, but post-operative return of the cardiogram to normal although implying a fall in 
PVR may not necessarily mean a restoration of it to normal. 

It is generally accepted that the pulmonary arterial pressure may fall and the cardiographic 
signs of RVH regress after successful valvotomy. There is some doubt, however, as to the pro- 
portion of cases of this kind that will respond to operation in this manner. Mackinnon et al. (1956) 
noted striking improvement with the ultimate return to normal in 2 of 5 such cases submitted to 
operation; in a third the period of follow-up was too short to permit assessment. In Mounsey’s 
(1957) series of 100 patients, there were 41 in this group: after operation the cardiographic changes 
of RVH regressed in only 13 and never returned to normal. Mounsey’s experience was quoted by 
Evans and Short (1957) as an argument against submitting this type of case to operation. Our 
results are at variance with these, for the cardiogram returned to normal in no less than 59 per cent 
and improved to some degree in a further 12 pcr cent. But there are other, and more cogent 
reasons for advising operation in this group. Functional improvement is often striking (Fig. 8) 
and many patients completely disabled before valvotomy now lead a normal life with little or no 
disability. Here our experience tallies with that of Baker et al. (1955) and Mounsey (1957), both 
of whom observed that there was little difference in the incidence and extent of functional improve- 
ment during the first two to five years after valvotomy in cases with or without pulmonary hyper- 
tension, and it must be remembered that these are patients in whom the untreated prognosis is 
extremely poor. 

A good operative split is a prerequisite to success, but although it increases the likelihood of a 
good result with regression of the cardiographic changes it does not ensure it (Fig. 4). The benefit 
of increasing surgical experience was excluded by the finding of somewhat better results amongst 
cases operated on during the first three years compared with those done during the second three 
years. Age and sex do not appear to be important. 

The duration of symptoms prior to operation is important; signs of RVH regressed in 70 per 
cent of cases operated upon within 7 years of the onset of symptoms compared with only 45 per 
cent in the over 7-year group (Fig. 7). Presumably this is a reflection of the fact that persistent 
pulmonary hypertension, whatever the initial genesis may be, causes secondary structural changes: 
these figures are a strong argument for early operation. In those cases showing regression, the 
time needed for this to occur varied widely, and the explanation of thisis uncertain. Weare ignorant 
of the time required after operation for the maximum drop in PVR to occur, for serial post-operative 
catheterization studies are few. There is little doubt that at least some weeks may be needed, but 
the data given by Baker ef al. (1955) and Donald et al. (1957) suggests that little further change 
occurs after approximately six months. The findings in some of our cases suggest a much slower 
regression of vascular changes but we have already noted that post-operative change in the electro- 
cardiogram may not be an entirely accurate index of the change in PVR. Moreover, the speed 
with which RVH will regress is affected by the extent as well as the rapidity of the fall in RV work. 


CONCLUSIONS 


In 60 patients with mitral stenosis and RV dominance in the electrocardiogram the operative 
mortality was high (18°). In 29 (59°) of the 49 survivors the cardiogram ultimately returned to 
normal, the time required ranging from under three months to two years. In a further 6 (13%) 
it improved although showing RVH, while in 14 (28°() there was no change. Change in the 
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cardiogram was unrelated to age or sex but occurred much more frequently if the history was short. 
It may be inferred that a high pulmonary vascular resistance is to a large extent potentially reversible 
and therefore does not constitute a contra-indication to operation. Indeed, it is in this group that 
some of our most striking operative successes have been achieved and we are in agreement with 
Baker, Brock, and Campbell (1955) who remarked “. . . the greater the degree of pulmonary 
hypertension the greater the chance of success from valvotomy.” 


SUMMARY 


Mitral valvotomy has been performed in 60 patients with mitral stenosis and electrocardiographic 
evidence of RVH. Eleven (18°%) patients died within 24 hours of operation and the remaining 49 
have been reviewed with periodic assessment of their clinical state and electrocardiogram. The 


oy 


electrocardiogram returned to normal in 29 (59°%), improved in 6 (13°), and was unchanged in 
14 (28%). 
The significance of these findings has been discussed. 
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Many studies of the pressures in the left atrium and the left ventricle of patients with mitral 
valve disease have been published. Initially obtained by direct puncture of the cardiac chambers 
at operation, such recordings have since been made possible by the development of techniques of left 
atrial puncture as a diagnostic procedure before operation. Direct determinations of the left atrial 
pressure, the left ventricular diastolic pressure, the diastolic pressure gradient across the mitral valve, 
and the duration of the diastolic filling period render unnecessary several assumptions that must 
be made when mitral disease is assessed by right heart catheterization. When mitral stenosis is 
associated with aortic valve disease, left ventricular failure, or significant mitral regurgitation, the 
limitations of right heart catheterization may be great, and precise information may be obtainable 
only by left heart catheterization. 

Assessment of the relative importance of mitral stenosis and regurgitation when present in com- 
bination has remained a difficult problem. Various opinions of the diagnostic value particularly 
of the left atrial pulse form (Gunning and Linden, 1958; Marshall et al., 1957; and Morrow et al., 
1957) and of dye dilution curves (Korner and Shillingford, 1955; Shillingford, 1958; and Woodward 
et al., 1957) have been expressed. The present report summarizes experience with left heart 
catheterization in 75 patients with mitral valve disease, with particular reference to the assessment 
of combined stenosis and regurgitation. 


METHODS 


Left atrial puncture was carried out by the right posterior transthoracic route (Biork et a/., 1953) in the 
prone position. A thin-walled cannula of 1-5 mm. outer diameter, containing a short-bevelled needle, was 
used. The left ventricle was catheterized with a polyethylene catheter of 0-90 mm. internal diameter. 
Simultaneous left atrial and left ventricular pressures were recorded in many cases by means of a second 
left atrial needle. Pressures were recorded with strain gage (Statham P23D) or capacitance electromano- 
meters (Southern Insts. Ltd.) on a direct writing oscillograph (Sanborn) or a mirror galvanometer photo- 
graphic recorder (New Electronic Products Ltd.). Pressures were referred to a zero level at mid-thorax. 

The mitral diastolic pressure gradient, defined as the mean difference between left atrial and left ventricular 
pressure during the diastolic filling period, was measured on superimposed pressure tracings, either as directly 
recorded (Fig. 1-2) or as redrawn. A significant mitral diastolic pressure gradient has been defined as a 
gradient equivalent to at least 2 mm. Hg throughout the diastolic filling period. If left atrial and left ventri- 
cular pressures became equalized during diastole, there has been considered to be no significant gradient, 
although such patients sometimes showed a small gradient for the initial 0-04—0-08 sec. of diastole (Fig. 8A). 

Mitral valve area was calculated from a modification of the formula of Gorlin and Gorlin (1951). 
Diastolic filling period was measured directly on superimposed left atrial and left ventricular pressure 
tracings, rather than on the brachial arterial tracing, and the directly measured mitral diastolic pressure 


* Research Fellow of the American Heart Association, and Research Fellow, Cardiac Department, Guy’s Hospital. 
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Fic.1.—Left atrial and left ventricular pressures, electrocardiogram, and phono- 
cardiogram recorded simultaneously in a patient with pure mitral stenosis 
and normal rhythm. Mitral diastolic gradient 16 mm. Hg, heart rate 
86/min., cardiac output 4-0 |./min., and calculated mitral valve area 0-5 
sq. cm. 
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Fic. 2.—Left atrial and left ventricular pressures, electrocardiogram, and 
phonocardiogram recorded simultaneously in a patient with pure mitral 
stenosis and atrial fibrillation. Mitral diastolic pressure gradient 21 mm. 
Hg, heart rate 100/min., cardiac output 5-2 |./min., calculated mitral 
valve area 0-4 sq.cm. Vertical divisions=0-04 sec. 


gradient was used rather than the pulmonary wedge pressure minus 5. An empirical constant of 44-5 was 
used. The formula thus became: 


Cardiac output (ml./min.) 
Mitral valve area = 


(sq. cm.) Diast. filling x 44-5 /Gradient 
period (sec./min.) (mm. Hg) 
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Mitral valve area at operation was determined by measurement of drawings made by the surgeon. In 
general, valves | cm. in length and admitting only a finger tip had areas of 1-0 sq. cm. or less. Valves 1-2. cm. 
in length, admitting a finger to the first joint with difficulty, were usually 1-0-1-5 sq. cm., and valves admitting 
a finger freely were greater than 1-5 sq.cm. The regurgitant jet at operation was judged 1+ if only a fine 
localized jet, 2+ if a considerable stream but primarily felt only at the orifice, 3+ if a more powerful stream 
palpable widely in the atrium, and 4+ if very gross. The last category was reserved for the two patients 
operated on for pure mitral regurgitation. 

Cardiac output was determined in most cases by the dye dilution technique. Multiple samples were taken 
from the brachial artery at intervals of two seconds following injection of Evans Blue dye into the left 
atrium. 

Technique and Complications. After initial trials of right and left lateral positions, the prone position has 
been used exclusively. This is well tolerated even by patients who are severely orthopnceic when supine. 
Barbiturate, meperidine, or morphine premedication is used in addition to local anesthesia as deep as the 
pericardium. The appropriate intercostal space, usually the ninth, is located fluoroscopically as a final 
preliminary, and the needle is passed to the left atrium as described by Biork. A characteristic pulsatile 
sensation is always felt when the needle comes against the atrium, and no other guidance is needed. In- 
advertent puncture of the right atrium requires reinsertion of the needle in a more medial direction. The 
left atrium has been successfully punctured in every case. 

The left ventricle has been successfully catheterized in all but three, with no failures in the last 60 con- 
secutive cases. This is facilitated by direction of the needle caudally as well as medially. Experience has 
shown that 15-20 minutes of manipulation with constant oscilloscopic observation of the pressure wave form 
results in successful catheterization of the left ventricle in almost every case. 

There have been no deaths attributable to the procedure, and no instance of cardiac tamponade. Slight 
bleeding from the left atrium occurs, as sero-sanguinous pericardial fluid is found at subsequent operation 
in the great majority. Injury to the right lung, usually by the preliminary local anesthetic needle, has 
resulted in pneumothorax in eight and hemoptysis in eight cases: the pneumothorax would usually go 
undetected were not a chest X-ray taken as a routine immediately after the procedure. Neither of these 
complications has ever been severe enough to require treatment. There has been only one instance of each 
in the last 35 cases. 

Mild pleuritic pain in the right anterior chest for 12-24 hours is a usual side effect. Severe pain is very 
uncommon. Clinical evidence of pericarditis has not been seen, although in three patients in whom opera- 
tion was delayed for 6-12 weeks after the procedure, a vascular adhesive pericarditis of apparently recent 
origin was found. 

Arterial embolism has never occurred during the procedure, but has occurred in two cases, 3 and 5 days 
later. Both patients had established atrial fibrillation, one with multiple emboli previously. The embolus, 
to the superior mesenteric artery, was fatal in one: the other had a successful embolectomy from the aortic 
bifurcation, but died suddenly of unknown cause two weeks later. At autopsy, both had mural thrombus 
in the left atrial appendage, but none at the site of puncture, which was scarcely visible. 

Atrial fibrillation began during the procedure in one of 20 patients with normal rhythm, and began the 
following day in two others. All three had a simultaneous right heart catheterization. Ventricular fibrilla- 
tion or arrest has not occured. 


CLASSIFICATION OF PATIENTS 


The patients have been divided into three groups, according to the nature of the mitral valve 
lesion: (1) pure mitral stenosis, 35 cases, (2) combined mitral stenosis and regurgitation, 24 cases, 
and (3) pure mitral regurgitation, 14 cases. Patients with a significant gradient across the valve 
and no regurgitation clinically or at operation were included in group 1. Patients with a significant 
gradient across the valve and also regurgitation were included in group 2, which thus included some 
with predominant stenosis and some with predominant regurgitation. Patients have been included 
in group 3 if mitral regurgitation was diagnosed clinically, and no significant pressure gradient 
found across the valve. Two patients with clinical signs of pure mitral stenosis but no significant 
pressure gradient are considered separately. 

The presence of a significant diastolic pressure gradient across the mitral valve, as previously 
defined, appears to be diagnostic of at least a certain degree of anatomical mitral stenosis. It 
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probably implies a valve area of 3 sq. cm. or less. Three of the patients found to have no gradient 
have later come to autopsy, and each has had a valve area of at least 3-5 sq. cm., the orifice admitting 
three fingers (Fig. 3). Thus no evidence has been found that mitral regurgitation is associated 
with a significant diastolic gradient unless there is also some degree of stenosis. 





Fic. 3.—The mitral valve of a patient with pure mitral regurgitation. There was 
no diastolic pressure gradient across the valve. At operation, for mitral 
regurgitation, a gross (4+) regurgitant jet was present. 


ASSESSMENT OF THE DEGREE OF STENOSIS 


The calculated valve area in pure mitral stenosis correlated closely with that observed at operation 
(Fig. 4) and there were no discrepancies of clinical importance. The gradient across the valve was 
not nearly so well correlated with the degree of stenosis, and the left atrial pressure even less well. 
Thus, the desirability of simultaneous determination of cardiac output with the pressure measure- 
ments, to allow calculation of the mitral valve area, is reaffirmed. The necessity of flow measure- 
ment is particularly great when the gradient is small, as this may be due to mild stenosis with a 
normal or high flow, or to severe stenosis with a low flow. 

In combined stenosis and regurgitation, assessment of the degree of stenosis is less certain 
because of the unknown factor of regurgitant flow. As this cannot be measured, the mitral valve 
area has been calculated simply from the cardiac output, as in pure stenosis. In the majority of 
patients with combined stenosis and regurgitation in whom there is anatomical confirmation, the 
calculated valve area proved to be a reasonably accurate prediction (Table I). This suggests that 
regurgitant flow is only a small fraction of the cardiac output in these patients. Indeed, the degree 
of stenosis in this group was in the same range as in those with pure stenosis, even though clinical 
signs of regurgitation were often very prominent, and the regurgitant jet at operation 2-3+. 
Three patients, however, proved to have valve areas more than twice the predicted size (Fig. 4). 
They must have had predominant regurgitation, and a much greater backflow than the other 11, 
so that use of the systemic cardiac output alone in calculating valve area underestimated the actual 
forward flow across the mitral valve and hence underestimated the valve size. 

Thus, in patients with the clinical signs of mitral stenosis and regurgitation, investigated with 
present techniques of left heart catheterization, a division may first be made into (1) those with no 
pressure gradient across the valve, therefore having mitral regurgitation without significant stenosis, 
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MITRAL VALVE AREA, AT OPERATION (SQ. CM.) 


Fic. 4.—Calculated mitral valve area, on the ordinate in sq. cm., and mitral valve area observed at operation, 
on the abscissa in sq.cm. Pure mitral stenosis, solid circles, on the left, and combined mitral stenosis and 
regurgitation, open circles, on the right. Mitral valve area calculated from the systemic cardiac output 
only, without regard for regurgitant flow. 


TABLE I 


COMPARISON OF CATHETERIZATION AND OPERATION OR AUTOPSY FINDINGS IN PATIENTS WITH COMBINED MITRAL 
STENOSIS AND REGURGITATION 





| Mitral valve area, 





sq. cm. Regurg. _Downslope of 

Patient jet at dye dilution 

——_—_—_—————_| operation | curve. (sec.) 

Calc Obs 

V.B. 0-9 0-9 ++ 9-2 
H.H. 1-5 1:3 ++ 6-2 
E.P. 1:2 0-9 ++ 12-2 
M.R. | 0:7 0-6 ++ 18-2 
M.W 1:2 1:0 (PM) 10-1 
L.M 0-6 0-8 ++ 18-4 
E.H. 0:8 0-7 ++ 16:2 
AS. 0-3 0-5 (PM) 28:8 
A.N. 1:0 1:0 ++ 7:8 
M.B. 1-2 10 | a 13-6 
EC. 1-4 1-6 +++ 19-5 
A.M. 1:2 2:5 +++ 13-1 
JS. 0-6 1-7 +++ 41-6 
LJ. 0:8 2:0 +++ 51-8 





and (2) those with a significant gradient, who have a combination of stenosis and regurgitation. 
In the latter group, calculation of the mitral valve area on the basis of the systemic cardiac output 
will yield in most cases a reasonably accurate prediction of the degree of stenosis, but in a few cases, 
the regurgitant flow will be so large that the valve size will be significantly underestimated. In any 
case, the calculated valve area may be considered a minimal valve size, potentially an underestimate 
according to the degree of regurgitation judged to be present. For example, if the calculated valve 
area is 0-4 sq. cm., it is evident that stenosis is severe, as the valve size would still be less than 
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1 sq. cm. if regurgitant flow exceeded the forward output. On the other hand, if the calculated 
valve area is 2:5 sq. cm., it is obvious that stenosis is not severe whatever the regurgitant flow. 

In spite of the limitation imposed by inability to measure regurgitant flow, left heart catheteriza- 
tion has been of much value in assessing patients with combined stenosis and regurgitation. Of 
33 patients with this clinical problem in the present group, nine proved to have no gradient across 
the valve, 10 had calculated valve areas in excess of 1-5 sq. cm. and have not been operated on, and 
14 have been operated upon for mitral stenosis on the basis of a substantial pressure gradient and a 
calculated valve area less than 1-5 sq.cm. The findings in the patients confirmed at operation are 
shown in Table I. Only three showed a disappointingly slight degree of stenosis at operation, and 
even in these valvotomy was considered worthwhile by the surgeon. 
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MITRAL VALVE AREA, AT OPERATION (SQ. CM.) 


Fic. 5.—Mean mitral diastolic pressure gradient in mm. Hg on the ordinate; mitral valve 
area observed at operation in sq.cm. on the abscissa. Pure mitral stenosis, solid circles, 
on the left; combined stenosis and regurgitation, open circles, on the right. 


The concept of predominant stenosis or predominant regurgitation is difficult to apply to some 
patients who seem to have a very significant degree of both. A patient with a mitral valve area of 
2-5 sq. cm. has, at the most, moderate stenosis. Yet, regurgitation may so increase the flow across 
the valve as to require a pressure gradient of 15-20 mm. Hg. The resulting elevation of left atrial 
pressure, and the necessary further rise with effort, tachycardia, etc. is a hemodynamic fault identical 
with that of tight mitral stenosis. While surgical relief of the stenosis alone may be beneficial, such 
a valve is generally much less favourable than one with tight stenosis. While the decision to operate 
for mitral stenosis involves many considerations, the presence of anatomically severe stenosis is 
obviously one of the most important. It is not enough merely to demonstrate a high left atrial 
pressure or a substantial gradient across the valve. A calculation of the valve area and some 
estimate of the degree of regurgitation are required in order to make the best possible prediction 
of the actual valve size. 


LeFT ATRIAL PULSE FORM 

Many ways of analyzing the left atrial pulse form have been proposed to distinguish predominant 
stenosis from predominant regurgitation. Most of these are based on the fact that in mitral 
regurgitation the systolic v wave is higher, the systolic x descent less prominent, the early diastoli¢ 
y descent more rapid, and the diastolic and mean pressure lower than in mitral stenosis (Fig. 6). 
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Fic. 6.—Typical left atrial pulse form in mitral valve disease; normal rhythm on the left and atrial fibrillation 
on the right of each pair. 


In the present study, no single criterion or ratio reliably separated the three groups previously 
defined, or any two groups from one another. In general, there are distinctive differences in the 
left atrial pulse forms of patients with no significant gradient across the valve as opposed to those 
with a gradient. The diastolic portion of the tracing is the most useful. Of those patients with 
atrial fibrillation, the left atrial pressure showed a continuous fall throughout diastole in 33 of 38 
patients with a significant gradient across the valve, whereas in 15 of 16 patients without a gradient, 
left atrial pressure remained the same or rose during diastole. It is this phenomenon that in a 
damped and delayed form is reflected in the Ry/V ratio in the pulmonary wedge tracing (Owen and 
Wood, 1953), and is a useful guide to the presence or absence of mitral obstruction, i.e. a gradient 
across the valve. It does not, however, necessarily distinguish predominant stenosis from pre- 
dominant regurgitation. 

The systolic x descent was present in the majority of patients in all groups. As the deflection 
was less than 3 mm. Hg in most of those with pure mitral stenosis, it was difficult to recognize 
impairment of the x descent as a feature of regurgitation. A large systolic wave with no discernible 
x descent was a sign of regurgitation, however, occurring in 5 of 11 patients with pure regurgitation, 
2 of 20 with combined stenosis and regurgitation, and none of 19 with pure stenosis, considering 
only those with atrial fibrillation. Only one of these 7 patients had predominant stenosis. 





Fic. 7.—Left atrial and left ventricular pressures recorded consecutively in a patient with combined mitral 
Stenosis and regurgitation. Mitral diastolic pressure gradient 13 mm. Hg, cardiac output 4-4 |./min., 
calculated mitral valve area 0-6 sq.cm. Mitral valve area at operation 1-7 sq. cm., regurgitant jet 3+. 
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Of the three patients who were found at operation to have severe regurgitation with only 
moderate stenosis, two showed evidence of regurgitation in the left atrial pulse form, i.e. a large 
positive systolic wave with no x descent in one (Fig. 7), and flat pressure during diastole in the other. 


ASSESSMENT OF REGURGITATION BY DYE DILUTION CURVES 


Much attention has been given to the use of dye dilution curves in the assessment of valvular 
regurgitation since the observations of Korner and Shillingford (1955) that valvular regurgitation 
results in a lower peak concentration and a more gradual disappearance slope of the dye curve 
than would be expected. Attempts to measure regurgitant flow by this method have been unsatis- 
factory, however. The form of dye dilution curves is affected by many factors, including the 
cardiac output, velocity of the circulation, site of injection, and the size of various cardiac chambers, 
particularly the size of the left atrium in the case of mitral regurgitation. 

Fig. 8 shows the disappearance slopes of the dye dilution curves of the patients in the present 
study, expressed as the number of seconds required for a tenfold drop in concentration on the 
downslope, when extrapolated as a straight line on semilogarithmic paper. This measurement is 
thus independent of absolute units of concentration. More complicated indices, involving peak 
concentration, appearance time, central volume, cardiac output, etc. have not proved more useful 
than this simple expression of the downslope. With this and other indices expressing similar 
aspects of the shape of dye dilution curves there is considerable overlap among patients with and 
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Fic. 8.—Frequency distribution of the downslope of the 
dye dilution curve, expressed as the number of seconds 
required for a tenfold fall in concentration. Pure 
mitral stenosis, left; combined stenosis and regur- 

gitation, centre; pure mitral regurgitation, right. 
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without regurgitation. The shape of the curve may be valuable evidence in assessing the degree 
of regurgitation, but is not necessarily reliable in an individual case. 

The downslope of the dye dilution curve is systematically steeper in patients with pure mitral 
stenosis than in those with mitral regurgitation. There is, however, no systematic difference between 
patients with pure regurgitation and those with combined stenosis and regurgitation, although the 
majority of the latter have predominant stenosis. In other words, in a patient with mitral regurgita- 
tion, the contour of the dye curve has little or no correlation with the presence or absence of 
significant mitral stenosis in that patient. The data in Fig. 8 might suggest that mitral regurgitant 
flow is as large on the whole when there is associated stenosis of marked degree as it is in pure 
mitral regurgitation. On the other hand, it may be that the shape of the dye dilution curve is reflect- 
ing primarily the degree of left atrial enlargement, which tends to be greater in mitral regurgitation, 
with or without stenosis, than in pure stenosis. 


SPECIAL FEATURES OF PURE MITRAL REGURGITATION 


Left heart catheterization has made it possible to define the clinical entity of pure mitral regurgita- 
tion on a more objective basis than was previously possible—namely, the entity of mitral regurgita- 
tion with no significant diastolic pressure gradient across the valve. Excluding those with aortic 
valve disease and those with regurgitation that was surgically induced, there were 11 such 
patients. Most were advanced cases with much cardiac enlargement, and chronic or recurrent 
congestive heart failure. Eight had atrial fibrillation. The characteristic physical signs included 
a normal or soft first heart sound at the apex, a loud apical holosystolic murmur, and an apical 
diastolic rumbling murmur, soft and diminuendo but often of considerable length. An opening 
snap was present in only one, and that possibly tricuspid rather than mitral in origin, as a small 
pressure gradient was demonstrated across the tricuspid valve. Electrocardiograms usually showed 
low voltage, an intermediate or horizontal QRS axis, and some evidence of both right and left 
ventricular hypertrophy in the precordial leads. Right ventricular hypertrophy was doubtless 
due to the pulmonary hypertension which was significant in six of the seven in whom right heart 
catheterization was carried out. The pulmonary vascular resistance ranged up to 8-5 units. The 
systemic cardiac index ranged from 1-6 to 4-3 |./min./m?. The three patients with normal rhythm 
all had P mitrale, but did not have giant a waves in the left atrial pulse form and did not have 
crescendo presystolic murmurs. 

These patients were, of course, selected for study because it was suspected that important 
mitral stenosis might be present. Patients with more classical signs of pure mitral regurgitation, 
e.g. a loud systolic murmur only with a third heart sound and left ventricular enlargement, have 
not been studied. 


MITRAL STENOSIS OF NO PHYSIOLOGICAL SIGNIFICANCE 


As in aortic stenosis, the clinical signs of mitral stenosis may be present when the lesion is so 
mild as to be undetectable by direct physiological assessment. Two patients have been seen with 
clinical signs of pure mitral stenosis, in whom no significant mitral diastolic pressure gradient 
could be demonstrated. Clinical features in the two patients were similar. Both were women 
50 years of age, who had atrial fibrillation, and who complained in a neurotic manner of palpitation 
and to a lesser extent of dyspnoea and fatigue. Both had a faint but prolonged mitral diastolic 
rumbling murmur, and one had a loud opening snap of the mitral valve (Fig. 9). Both had normal 
heart size, but slight left atrial enlargement. The cardiograms were normal except for atrial 
fibrillation. An obstructive lesion having been ruled out, it was concluded that there was only 
mitral valvulitis of little or no functional significance, and that symptoms were due to atrial fibrilla- 
tion and psychoneurosis, and possibly myocardial insufficiency. The left ventricular end-diastolic 
pressure was normal in one (5 mm. Hg) and slightly raised in the other (13 mm. Hg). 
2D 
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Fic. 9.—(A) Consecutive left atrial and left ventricular pressures in a patient 
with clinical signs of mitral stenosis but no significant pressure gradient 
across the valve. (B) Phonocardiogram of the same patient, showing the 
opening snap of the mitral valve. 


THE MURMUR OF MITRAL STENOSIS 


It has already been mentioned that a long rumbling mitral diastolic murmur may be present in 
the absence of a significant pressure gradient across the valve, with or without associated regurgita- 
tion. There is only a rough correlation between the loudness of the rumble and the size of the 
gradient. Five patients have been seen with no audible diastolic murmur in spite of a large gradient. 
In three of these, mitral stenosis was an incidental discovery during left heart catheterization for 
the investigation of aortic stenosis. Two of those with no murmur had atrial fibrillation, pulmonary 
hypertension, and congestive heart failure, circumstances in which disappearance of the murmur 
of mitral stenosis is well-recognized. In two, with normal rhythm and associated aortic stenosis, 
short presystolic murmurs were perhaps obscured by the loud first sound and aortic systolic murmur 
following. The fifth had pure mitral stenosis, in normal rhythm without heart failure, but with 
pulmonary hypertension. 

The long recognized influence of cardiac rhythm on the murmur of mitral stenosis is well docu- 
mented by pressure records. In normal rhythm, with a crescendo presystolic murmur, atrial 
contraction produces a giant a wave in the left atrium, and the gradient is abruptly increased in the 
immediate presystolic period (Fig. 1). In atrial fibrillation, with a long diminuendo diastolic rumble, 
the gradient is always largest at the beginning of diastole, and diminishes steadily to its smallest 
value in end-diastole (Fig. 2). It has been difficult to correlate the length of murmurs as heard or 
recorded phonocardiographically with the presence or absence of a gradient persisting throughout 
diastole. In several cases the murmur has seemed clearly to end before the first sound, yet a large 
gradient was present throughout diastole. Likewise, in patients with normal rhythm and showing 
only a short presystolic murmur, the gradient is not merely presystolic, but is substantial throughout 
the diastolic filling period. 
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MYOCARDIAL FAILURE IN MITRAL VALVE DISEASE 


The importance of myocardial function as opposed to the mechanical obstructive factor in mitral 
valve disease has been controversial for a long time. Cardiologists generally agree that myocardial 
failure is an important factor in many cases, but specific proof of this is difficult to obtain. It was 
hoped that measurement of the left ventricular diastolic filling pressure by left heart catheterization 
might enable differentiation of patients suffering primarily from mechanically obstructive mitral 
stenosis from those suffering primarily from rheumatic heart disease with myocardial failure, in 
which case the left ventricular diastolic filling pressure might be raised. Studies of patients with 
aortic valve disease have often shown a gross rise of filling pressure in the left ventricle, and the 
pulmonary wedge pressure may be grossly raised in patients with heart failure due to hypertension, 
coronary artery disease, etc. In the present study, however, no patient with mitral stenosis has had 
an end-diastolic pressure in the left ventricle higher than 14 mm. Hg, except one who also had severe 
aortic stenosis (Fig. 10). Only one patient with pure mitral regurgitation without significant aortic 
valve disease had much rise of left ventricular filling pressure. The differences between the three 
groups do suggest that, on the whole, mitral regurgitation is associated with higher filling pressures 
in the left ventricle, and hence with left ventricular failure. However, the rise of left atrial pressure 
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Fic. 10.—Frequency distribution of the left ventricular end- 
diastolic pressure, in mm. Hg referred to mid-thoracic 
level. Pure mitral stenosis, left; combined stenosis and 
regurgitation, centre; pure mitral regurgitation, right. 
Solid circles represent patients without aortic valve 
disease. Open circles represent patients with significant 

aortic stenosis as well as mitral valve disease. 
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in mitral regurgitation is generally not due to this, but rather (1) to the diastolic pressure gradient 
across the valve resulting from the associated stenosis, or (2) to the v wave in systole, which ranges 
up to 65 mm. Hg in height. 

Cardiac failure was always treated first, and left heart catheterization only undertaken when the 
signs and symptoms of congestion were controlled as well as possible. Very few patients were 
studied while in a manifest state of congestive heart failure, and this fact may have been the cause 
of failure to demonstrate rises of left ventricular diastolic pressure. It appears, nevertheless, that 
left ventricular myocardial failure in patients with mechanically significant mitral stenosis is un- 
common. 


SUMMARY AND CONCLUSIONS 


Left heart catheterization by the Biork technique has been carried out in 75 patients with mitral 
valve disease. There have been no deaths or instances of cardiac tamponade due to the procedure. 
Hemoptysis and pneumothorax occurred in 12 per cent, but less frequently with experience. 
Delayed arterial embolism occurred twice. The left atrium was successfully punctured in every case, 
and the left ventricle successfully catheterized in 96 per cent. 

In pure mitral stenosis the severity of the lesion may be accurately assessed if the pressure gradient 
across the valve and the cardiac output are determined together. Clinical signs of mitral stenosis 
may be present in the absence of a significant pressure gradient. Five patients had severe mitral 
stenosis in the absence of a diastolic murmur. 

In pure mitral regurgitation there is no significant pressure gradient across the valve in diastole. 
These patients cannot always be distinguished from those with predominant mitral stenosis by the 
clinical signs. Diastolic murmurs and pulmonary hypertension are commonly present. 

In combinations of mitral stenosis and regurgitation, large diastolic pressure gradients are 
commonly present, even when regurgitation is the dominant lesion. Exact assessment of the valve 
size in this group is limited by inability to measure regurgitant flow. Estimation of a minimal 
valve area is of considerable value, and further information is gained from the left atrial pulse form 
and from dye dilution curves. 

Left heart catheterization is a practical and useful diagnostic procedure in patients with mitral 
valve disease in whom clinical assessment is difficult. 

Surgical observations were made by Dr. D. E. Harken, Dr. G. W. B. Starkey, Dr. J. S. Strieder, Dr. I. Madoff, 
Mr. R. H. S. Brain, Mr. D. N. Ross, and Sir Russell Brock. 
Dr. W. H. Abelmann, Dr. W. M. Madison, Jr., Dr. M. H. Proctor, and Dr. A. M. Johnson collaborated in these 


studies. 
The guidance of Dr. Laurence B. Ellis and Dr. Charles Baker throughout this work is gratefully acknowledged. 
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In 1897 Stewart suggested that the arterial dilution curve of a substance injected into a peripheral 
vein could be used to measure cardiac output. He published a number of papers on the subject 
but the method did not receive widespread acceptance until the classical studies of Kinsman et al. 
(1929) who made possible its practical application in man, when they injected a blue dye T 1824 
(Evans Blue) and measured its concentration in serial samples taken from a peripheral artery by 
means of arterial puncture. Subsequent investigators have sought different techniques that might 
simplify the procedure. 

The first use of a radioactive isotope as the marker substance was recorded by Nylin (1945), but 
in his observations the concentration curve was plotted from the counts of radioactivity in the 
blood following injection of radioactive iodinated serum albumin. His method utilized arterial 
puncture but instead of serial sampling the blood was drawn continuously through a rubber tube 
in contact with a scintillation counter. The wave of radioactivity passing the counter was graphed 
on a moving chart recorder. 

In 1954 Veall et al. reported the first successful measurements of cardiac output by the use of a 
radio-isotope and an external scintillation counter situated over the great vessels of the chest. Shortly 
afterwards Huff et a/. (1955) and Pritchard et al. (1955) published similar results. 

The technique of Veall et a/. has been used at St. Vincent’s Hospital to estimate the cardiac out- 
put in twelve patients and the results are compared with figures obtained for the same patients by 
the Fick method. In nine instances the two determinations were made simultaneously and in three 
they were done under similar conditions on different days. 


METHOD 


The patient is given 2 grammes of potassium iodide daily, one day before and for three days 
after the test in order to minimize radio-iodine uptake by the thyroid gland. Although iodinated 
serum albumin is theoretically a stable compound, there is in fact a gradual breakdown of the mole- 
cule with liberation of free iodide ions which in this instance are radioactive. These will be taken 
up by the thyroid unless it is previously blocked and kept blocked. For the same reason the dose 
administered is kept to a minimum and it has been found by experience that 25 microcuries is a satis- 
factory amount. 

The patient lies on a couch and a collimated scintillation counter is placed over the second left 
intercostal space close to the sternal border. The exact distance from the skin is not important 
but it is usually about one inch. It is essential only that the position of the counter relative to the 
patient be not altered until the end of the procedure. The counter is connected to a rate-meter, 
the output of which is graphed on a strip chart recorder. 

Twenty-five microcuries of radioactive iodinated serum albumin is diluted up to 1 ml. with 
isotonic saline and injected rapidly into a suitable vein in the arm. The resulting wave of radio- 
activity passing through the great vessels in the chest is shown on the chart. A typical curve is 
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reproduced in Fig. 1. The chart recorder is left running for ten minutes so that a record is obtained 
of the stable level of radioactivity in the great vessels, when the isotope is completely mixed in the 
total blood volume. At the end of this time 10 ml. of blood is taken into an oxalated tube. The 
radioactivity of this sample is compared with that of an aliquot of the injected material, so that the 
patient’s blood volume can be determined by simple proportion. From the radioactive count per 
ml. of blood and the steady ten minute reading on the chart recorder, the chart can be calibrated 
vertically as concentration of isotope per litre of blood. The horizontal reading on the chart repre- 
sents time in seconds. 

The descending limb of the curve (Fig. 1) represents the expected fall-off of concentration of the 
isotope interrupted at some point by the arrival of radio-active human serum albumen (RIHSA) 
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Fic. 1.—Isotope dilution curve and dotted line indicating the semi-logarithmic 
extrapolation of the first part of the descending limb. CPM=Counts per 
minute. 





Fic. 2.—General view of the apparatus, showing scintillation counter head over 
the patient’s chest, and on the left the rate-meter with the chart recorder 
underneath. (Reproduced by permission of the editor, Australasian Annals 
of Medicine.) 
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which has completed one circulation and returned to the heart. From the work of Kinsman et al. 
(1929) it is known that the marker concentration decreases in an exponential fashion if recirculation 
does not occur. The first portion of the descending limb is therefore extrapolated semi- 
logarithmically as shown by the dotted line in Fig. 1. The area under this “ideal” curve is then 
estimated graphically. 

The cardiac output is derived by the application of the formula: 


_BVxC, 


— Area ! 


where CO is the cardiac output in litres per minute, BV the blood volume in litres, C, the final 
concentration of the isotope in the blood in microcuries per litre, and Area is the area under the 
curve expressed as microcuries per litre x minutes. The formula is derived as follows. Let C, be 
the average concentration level during the first passage of the marker, and T the mean time occupied 
by the first passage. Then the volume in which the marker is concentrated during the first passage 
will be COx T, and the total amount of marker, I, will be given by 


l=C, xCoOxt ee ee ae ee ae 
but also 
I=BVxC, ee ee 


C, xT is the area under the concentration time curve for first passage, and thus equation 2 may also 
be written: 
0 a ee ee 
Equation | then follows by equating 3 and 4. 
In the Fick estimations, expired air was collected in a Douglas bag, the volume was measured 
by a wet gas meter and air analysis performed with a modified Haldane Grollman apparatus. 
Blood gas analysis was done with a Haldane apparatus. 


RESULTS 


Table | shows the results obtained in this series of estimations of the cardiac output by the Fick 
and radio-isotope techniques. 








TABLE I 
COMPARISON OF CARDIAC OUTPUT RESULTS BY FICK AND ISOTOPE TECHNIQUES 
Patient *RIHSA output Fick output R/F=n 
litres/min. litres/min. 

ix 3:7 4-1 0-903 
2% 6:1 68 0-898 
3x 6:4 8-3 0-773 

4 6:0 5-4 1-110 

5 3:7 4°5 0-820 

6 4°5 4:2 1-070 

7 5:8 5:5 1-052 

8 4-7 4:6 1-021 

9 5-2 4-4 1-180 
10 4-4 40 1-100 
11 4:5 5+3 0-850 
12 4-4 4:5 0-978 





* Radio active human serum albumin. 
x Indicates non-simultaneous tests. 


Mean value n=0-980 
Standard deviation of the mean (S.D.)=13 per cent 


The close approach of the value fi to unity indicates that there is no systematic error in the isotope 
method. 
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The greatest difference between the two results occurred in Case 3, and it seemed that the isotope 
output was more consistent with the patient’s clinical state than the Fick result. The latter figure 
gave a cardiac index of 4-9 litres per square meter per minute. This is unduly high for an apparently 
composed young man with a pulse rate of 86 a minute and a normal basal metabolic rate during 
the procedure. It is likely that the Fick method is in error in this instance. Exclusion of this case 
from the series would have reduced the standard deviation of the difference between the results 
of the two methods to 10 per cent. 


DISCUSSION 


The standard deviation of 13 per cent for the ratios between the two methods is of the same order 
as that of Werko et al. (1949) and Etsten and Li (1954) and better than that of Hamilton er a/. (1948). 
These groups compared the Fick method with the dye dilution method using serial arterial samples 
and found standard deviations of 14-5, 12-7, and 21 per cent respectively for the differences between 
the two techniques. 

The standard deviation of the ratios represents the combined deviations of both the Fick and 
radio-isotope methods. The S.D. of the Fick technique has been assessed at 7 per cent by Seely et al. 
(1950) in comparison with rotameter estimations and at 10 per cent by Neely er a/. (1954). Ina 
careful study of errors in the direct Fick technique Warren et al. (1945) found that duplicate samples 
of expired air analysed for oxygen content varied by as much as 20 per cent in some instances with 
an average variation of about 10 per cent. This is presumably the main factor influencing the 
standard deviation of the Fick results. No figures are available for the reliability of the Fick 
method as carried out in our laboratory but assuming that the S.D. is as small as the best results 
reported, namely 7 per cent, the S.D. of the radioisotope method would be 11 per cent. If the 
S.D. of the Fick results are taken as 10 per cent, that of the isotope technique would be 8 per cent. 
These results are obtained by application of the formula. 


2 > 
Ox= V oF + OR 


where o,=S.D. of the ratios, n. 
or=S.D. of the Fick method. 
and or=S.D. of the isotope method. 


To sum up, the standard deviation of cardiac output determinations by the isotope method 
described is comparable with that of the Fick procedure. 

An ideal technique for the estimation of cardiac output should fulfil the following conditions: 
(i) it should be simple and suitable for use in various situations such as a ward, an operating theatre, 
and under anesthesia, as well as ina laboratory; (ii) it must be harmless to the patient; (iii) it should 
be reliable with as few sources of experimental error as possible, and (iv) it should be possible to 
repeat the estimation an unlimited number of times. 

The Fick method has been used for many years in laboratories and in cardiac investigation units 
of hospitals but it fails to satisfy a number of the criteria set out above. In the first place it involves 
cardiac catheterization, arterial puncture, and the collection of expired air, procedures that are 
all time consuming and subject to technical difficulties. Furthermore if one needs to know the 
output, for example, during a surgical operation, the catheterization must be done initially in an 
X-ray room and the patient then transferred to the operating theatre. Likewise it is impossible to 
employ the method in a patient who is too ill to be moved from the ward. And lastly the various 
procedures mentioned are hardly likely to leave the patient in a basal state, no matter how expertly 
performed. 

The Fick technique fulfills the second condition but only partially satisfies the third. Admittedly 
under laboratory conditions the results are said to have a standard deviation of 7 per cent (Seely et al. 


1950) but there are three different pieces of apparatus in use which may develop technical faults, the | 


gas-meter, the air analysis apparatus, and the blood-gas analyser. Even more important is the fact 
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that the Fick technique depends upon the assumption that the patient is in a steady state and it is 
apparent that the cardiac output is not stable in a number of patients during catheterization studies. 
This source of error becomes even more important if the output is determined during a surgical 
manceuvre such as left ventricular puncture (Brock et al. 1956; Hickie and Seldon, 1958). Lastly 
the number of times that the Fick estimation can be repeated depends upon the veins available 
for catheterization and these may be few indeed. 

On the other hand the isotope method described is inherently simple requiring no more of the 
patient than venepuncture. It can be performed with ease in any situation. Only two pieces of 
apparatus are required, a rate-meter and a chart recorder, both of which are reliable and easy to 
maintain. Above all it causes no physical or psychological disturbances to the patient, how ever 
ill he may be. 

With regard to the question of risk to the patient from irradiation, the dose administered by the 
isotope technique is much less than that received from the fluoroscopic screening necessary in placing 
a catheter in the pulmonary artery. I!3! emits beta and gamma rays. The mean dose from beta 
radiation is given by the formula: 

— 122 x millicuries 
Radiation dose in reentgens= ee ees 
Body weight in kilograms 
With the 25 microcuries used in this series, the dose from beta radiation is about 0-05 r in an adult 
varying a little with the weight of the patient. The dose from the gamma rays is much smaller, 
contributing something like an additional 0-01 to 0-02 r._ This total dose of about 0-07 r is seen to 
be well within the internationally recommended tolerance figure of 0-3 r per week. 

The results recorded in this series show that this isotope method is at least as reliable as the Fick 
technique. Veall et al. (1954) and Huff er. al. (1955) have also demonstrated in two small 
series of cases that the external counting isotope method compares favourably with the Fick pro- 
cedure. In addition this technique gives an almost instantaneous measure of output. The estimate 
is made over a period of about twenty seconds as compared with four minutes for the Fick tech- 
nique, so that the measurement can be made simultaneously with, for example, a recording of a 
pressure gradient. 

Estimations of cardiac output by this method can be repeated as many times as necessary, sub- 
ject only to the limiting factor of radiation dosage. From the figures given above it will be seen 
that estimations could be done two or three times a week in an adult without exceeding the 
tolerance dose, and many more estimations could be done in a single week without exceeding the 
radiation administered during one cardiac catheterization. When the shorter life isotope I'32 is 
available the radiation dose could be reduced to one twentieth of that administered now, so that 
there would be virtually no limit to the safe number of estimations. 

It is concluded that the external isotope method of determining cardiac output has numerous 
advantages over the conventional Fick technique and is at least as accurate as the latter method. 


SUMMARY 


Simultaneous cardiac output measurements have been made by the Fick and a radio-isotope 
version of the Hamilton method in a series of twelve patients. The technique, which involves only 
external counting over the patient’s chest, is described and the results tabulated. The standard 
deviation of the isotope method is found to be close to 10 per cent, a figure frequently quoted for 
the Fick method. The relative merits of the two methods are discussed. 

Our thanks are due to Professor Messel for the loan of some of the equipment. We are grateful to Dr. Rothfield 
and Mrs. Barbara Bates for making determinations of cardiac output by the Fick method and for supplying us with 
the data. We would like to thank the Medical Registrars of St. Vincent’s Hospital for assistance in making the 


measurements, and Mr. Moyle and Mrs. Diana Savage for help with the isotope equipment. We are grateful to the 
Commonwealth X-Ray and Radium Laboratory for the supply of the radioactive tracer material. 




















SELDON, HICKIE, AND GEORGE 
ADDENDUM 


Since this paper was written, a report of a much larger series has been published by Shackman 
(1958). His findings are essentially the same as those reported here except that he used a larger 
dose of isotope—100uc. 
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Electrocardiographic studies in patients with either a suspected or clear-cut anginal history may 
reveal a wide variety of findings ranging from altogether normal or borderline normal through 
patterns compatible with so-called coronary insufficiency, anoxia, ischemia, injury, to frank 
infarction. Abnormal findings may appear or may become more outspoken when a tracing is 
taken during an anginal seizure, whether it be spontaneous or induced. 

This study is limited to electrocardiographic abnormalities of relatively minor degree, essentially 
affecting the T deflections only, that emphasize in particular the use of exploring chest leads at a 
higher level. 

That the incidence of omissions and commissions in electrocardiographic interpretation is con- 
siderable, due to the widespread use of the method by inadequately trained, inadequately experi- 
enced, and uncritical physicians, is known. Some of what one may call finer diagnostic points 
may be overlooked by men otherwise competent in this field; this, as the author has repeatedly 
noted, refers to the abnormal findings described in this study. 

It is usually the office patient with a suspected or clear-cut anginal history whose electrocardio- 
gram is likely to reveal only minor changes, in contrast to that of the patient who, obviously ill, is 
admitted to the hospital and submitted to a study. All our patients, and they are described later 
in detail, were seen in the office except one: this one was referred, while in the hospital for electro- 
shock therapy, for cardiac evaluation. None of the patients had had a heavy meal or a cold drink 
nor had any of them smoked just prior to the examination. None had received digitalis, quini- 
dine, or adrenaline. None had thyroid dysfunction or anemia. Three were diabetic. Five were 
heavy tobacco smokers. None had suffered chest trauma; and none had experienced paroxysmal 
rapid heart action. One of the patients had a minor degree of aortic regurgitation and showed 
slight left ventricular hypertrophy. All the others showed normal heart size and sounds and rhythm. 
Only one exhibited a mild degree of diastolic hypertension. Except for one, a diabetic who also 
revealed evidence of occlusive arterial disease in the lower limbs, all had the anginal syndrome. 
One patient was seen but once, all others repeatedly, at intervals of from two weeks to eight years. 

All electrocardiographic studies were done by the author personally. The high chest leads were 
taken at the level of the third rib. None of the tracings were obtained during an anginal seizure. 


CASE REPORTS 


Case 1. This 60-year-old man was a mild diabetic and a heavy cigar smoker. His father died suddenly 
in an attack of chest pain and his father’s sister died with a stroke. For a period of six weeks before the 
examination, there occurred anginal distress, both at rest and with effort. Examination showed normal 
heart size and sounds, and low normal blood pressure. Cardiographic study. The heart was in the semi- 
horizontal electrical position. There were no significant Q deflections. T1 was lower than T3, T in lead 
aVL was negative, T in lead aVF was high; at the usual level of the chest leads T was normal, at a higher 
level (here as well as in all subsequent cases level of the third rib), T was of diminished voltage in leads 
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V5 and V6. With respect to the chest leads abnormal findings were noted only at a higher level. The 
conclusion was high lateral wall lesion. 

Case 2. This 42-year-old man was a mild diabetic, and his mother had had diabetes. Anginal distress 
on exertion was present for a period of two months before the first examination which showed the heart 
to be normal in size and sounds, while the blood pressure was normal. The findings were the same at the 
second examination. The cholesterol level was raised, the sedimentation rate was normal. Two cardio- 
graphic studies were done at an interval of seven weeks. The heart was in the semi-horizontal electrical 
position, QRS was 0-11 seconds wide, Q deflections of small voltage and not exceeding 0-03 seconds in width 
were noted in leads I, aVL, V4, 5, 6; the intrinsicoid deflection in lead V6 measured 0-06 sec., T1 was lower 
than T3, T in aVL was negative, T in aVF was high; at the regular level of the chest leads, T was of lowered 
voltage in lead V4, at a higher level, T was negative in lead V1, plus-minus in leads V2, 3, 4, low and 
notched in lead V5. The findings were constant at both occasions. With respect to the chest leads, the 
higher level offered significantly more abnormal findings. It was concluded that there was a minor degree 
of intraventricular conduction disturbance and a predominantly high antero-lateral wall lesion. 

Case 3. This 56-year-old man was a diabetic and a heavy cigarette smoker. His brother was a dia- 
betic. The history was negative for angina. The first examination was done before an operation (laryn- 
gectomy) and showed normal heart size and sounds, and a slight elevation of the systolic blood pressure. 
The second examination five months later showed identical clinical findings. Two cardiographic studies 
were done five months apart. The heart was in a nearly intermediate electrical position, T1 was lower than 
T3, T in lead aVL was negative, T in lead aVF was high; at the regular level of the chest leads, T was low 
and notched in leads V4, 5; at a higher level, T was negative in leads V1, 2, 3, 4, and low and notched 
in lead V5. The findings were constant at both occasions. With respect to the chest leads, the higher level 
offered more significant abnormal findings. A diagnosis of high antero-septal wall lesion was made. 

Case 4. This man was observed for a period of 8 years, from age 53 to 61. Rather mild exertional 
anginal distress occurred off and on and was always relieved by taking nitroglycerine. Examination 
showed normal heart size and sounds, and normal blood pressure. There was a normal cholesterol level 
and a normal sedimentation rate. Out of a number of cardiographic studies two are presented, six years 
apart (Fig. 1). The conclusion was that a predominantly high septal-lateral wall lesion had progressed 
slowly. 


Z ZZ pita Ole ov, OVe y, Y 
" age 
pe ee 


High 
Leads 


Ve V, Ug 


wer 
it 


\ } ; ‘ ot a i 4 tt { 


‘ 








a ME Bet atest es E 
High Alco dbwicl oe ———— 
Peete xual: coeaamaualwaaaa| 202" 


+ 


Fic. 1.—Case 4. The heart is in the electrical intermediate position; Q deflections that are small and are of low 
voltage are noted in leads I, II, aVL, aVF, V4, 5, 6; Tl is lower than T3, T in lead aVL is negative, T in 
lead aVF is high. In graph A, at the regular level of the chest leads, T is normal; at a higher level T is of 
lowered voltage in leads V3, 4, 5, 6; in graph B, at the regular level, T shows diminished voltage in leads 
V3, 4, 5, while at a higher level T shows a secondary negative dip in lead V2, negativity in leads V3, 4, 5, and 
is of low voltage in lead V6. The findings have changed from graph A to graph B, over a period of 6 years. 
In graph A the regular chest leads were normal, the high chest leads abnormal; in graph B the regular chest 
leads showed less significant alterations as compared with those obtained at a higher level. 
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Case 5. This 60-year-old man was a heavy cigarette smoker. His blood pressure was normal. Two 
days prior to the first examination, there started a severe attack of anginal pain that was prolonged. 
Examination showed normal heart size, low intensity of heart sounds, low blood pressure, and low grade 
fever. The cholesterol level was raised and there was elevation of the sedimentation rate. A second 
examination was made two weeks later, the patient having rested and not having experienced any further 
anginal distress; the cardiac and blood pressure findings were the same. Two electrocardiograms were 
done two weeks apart (Fig. 2). A diagnosis of high lateral wall lesion was made. 
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Fic. 2.—Case 5. The heart is in an indeterminate electrical position, and there is a minimal Q deflection in lead 
aVL. There are S deflections across the precordium and diminished voltage of the upward stroke on the left 
side; reciprocal S-T deviations are noted in limb and chest leads in graph A; in graph B, TI is plus-minus, 
T in lead aVL is negative, T in lead aVF is high. In graph A, T at the regular as well as at the higher level is 
not remarkable; in graph B the T voltage in the right precordial leads at both regular and high level has increased, 
while at the higher level T has turned negative in leads V6, 7. Findings have changed from graph A to graph B, 
with the patient recovering from a myocardial infarction. The high chest leads render more information than 
those obtained at the regular level. 


Case 6. This 50-year-old man used to be a heavy cigarette smoker. Sixteen months previously he 
had developed anginal pain, was in hospital for a period of 5 weeks, having serial electrocardiograms done, - 
and this was followed by a rest period of 2 months. Later on, mild angina occurred, chiefly on hurried 
walking. Several examinations in the course of 14 years showed normal heart size and sounds, and a mild 
elevation of both systolic and diastolic blood pressure. The serum cholesterol level was normal; the sedi- 
mentation rate was initially normal but rose later when the anginal syndrome became worse and occurred 
at rest, necessitating rest in bed. Ultimately, the patient became free of angina. Out of a number of electro- 
cardiograms, three are presented (Fig. 3). It was concluded that there was an area of fibrosis of postero- 
diaphragmatic location, and also development and regression of a predominantly high antero-lateral wall 
lesion. 

Case 7. This 38-year-old-man was rejected by the army medical examiner 16 years previously because 
of the presence of a heart murmur. His effort capacity was excellent. He was a heavy cigarette smoker. 
Six days before the first examination, he developed anginal distress at rest and this recurred under resting 
conditions for the next several days. Examination revealed slight left ventricular hypertrophy, and a short 
diastolic aortic murmur. The systolic pressure was normal while the diastolic level was moderately lowered. 
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Fic. 3.—Case 6. The heart is in the semivertical electrical position; there are Q deflections in leads II, III, aVF, 


of 0:03 to 0-04 sec. duration, and there are minimal Q deflections in the left precordial leads (in the presence 
of rather high R deflections); the intrinsicoid deflection in leads II, II], aVF measures 0-04 to 0-05 sec, 
Tl is lower than T3, T in lead aVL is low and plus-minus to negative, T in Lead aVF is high. In graph A, at 
the regular level of the chest leads. T is normal; in graph B, at the usual level of the chest leads, T is negative 
in lead V1, positive and followed by a small secondary negative dip in leads V2, 3, 4, low positive in leads 
V5, 6; at the higher level T is negative in leads V1, 2, 3, 4, 5,6. In graph C, at the regular level of the chest 
leads, T is slightly negative in lead V1, low positive in lead V2, positive but of lower voltage than originally in 
the leads V3, 4, 5, 6; at the higher level T is negative in leads V1, 2, plus-minus in lead V3, low positive in 
leads V4, 5,6. Findings have changed from graph A to graph B to graph C, the abnormal findings being most 
marked in graph B at which time the anginal syndrome was at its worst. Chest leads taken at a higher level 
offered significantly more information. 


The serum cholesterol level was raised, the sedimentation rate was slightly raised, and the blood serologic 
study was non-reactive. On rest and discontinuation of smoking, the angina diminished greatly but it subse- 
quently returned and was frequent under resting conditions. Ultimately the patient was free of angina 
and returned to work. Three cardiograms were made (Fig. 4). The conclusion was that a predomin- 
antly antero-septal wall lesion had occurred. 

Case 8. This 56-year-old woman suffered from recurrent depressive moods, she also was the bearer 
of a painful, stiff shoulder. She was studied prior to treatment by electro-shock theraphy. On examina- 
tion, she showed normal heart size and sounds, and normal blood pressure. The sedimentation rate was 
slightly elevated. A few hours following the shock treatment, she developed painful distress to the left of 
the sternum and over the left chest. Subsequently, the chest discomfort disappeared, and there was no 
walking angina. Three electrocardiograms were done (Fig. 5), the first before shock treatment and the 
two others subsequently. A final diagnosis of transient high antero-lateral wall lesion was arrived at. 

Case 9. This patient showed in the cardiogram more advanced changes as compared with the preceding 
cases, and hence is not quite within the scope of this paper, but is presented because of certain interesting 
features. He was a 49-year-old man and had a normal blood pressure. His illness had started 3} 
months previously with effort angina and he developed a more severe attack with shock one month later, 
and subsequently rested in bed. On examination, the heart was normal in size and sounds; the blood 
pressure was normal. The cholesterol level was slightly elevated, the sedimentation rate was normal. 
Subsequently, the patient resumed work being free of angina, and a follow-up examination revealed nothing 
of significance. Two cardiograms were done 17 months apart: The heart was in nearly an intermediate 
electrical position, there were significant Q deflections in leads I, and aVL, and at the regular level of chest 
leads there were small Q deflections over the left side; in the earlier record, at the regular level of chest leads, 
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the ches Fic. 4.—Case 7. The P deflection is notched (as a part of old rheumatic heart disease); the heart is in the inter- 
ginally in 
aeitive i mediate electrical position, QRS in the chest leads suggests the presence of left ventricular hypertrophy, and 
sing most there are persistent slight ST elevations in leads III, aVF, and in V6. In graphs B and C, T1 is lower than T3 
sher lev and T in lead aVF is high; in graph A, at the regular level of chest leads, T is normal, while at the higher level, 
T is plus-minus in leads V1, 2, 3, positive with a secondary negative dip in lead V4, and low and notched 
in lead V5. In graph B, at ‘the regular level of the chest leads, T is normal (perhaps with the exception of a 
; secondary negative dip in lead V1); at the higher level, T is negative in lead V1, plus-minus in leads V2, 3, low 
serologic and notched in lead V4, and low positive in lead V5. In graph C, at the regular level of chest leads, T is 
it subse- notched in leads V2, 3, 4; at the higher level, T is negative in lead V1, plus-minus in leads V2, 3, 4, and low 
f angina and notched in lead V5. Findings have changed from graph A to graph B to graph C, the abnormal findings 
gil being most marked in graph C, at which time the anginal syndrome was worse. In graph A, chest leads at a 
redomin- usual level offered no abnormal findings; graphs B and C were more informative than leads taken at a higher 
level. 
1e bearer 
examina- the voltage of R was less than in the later tracing, and the same held true for leads V4, 5, 6, at a higher 
rate was level, in both records the voltage of R at the higher level diminishing from leads V1 to V2 to V3; further- 
he left of more, a QS deflection in lead V4 in the earlier cardiogram had practically disappeared in the later one; 
e was no TI was lower than T3, T was high in lead aVF;; in the first cardiogram, T at the regular level of chest leads 
and the was of low voltage in leads V5, 6, and it was negative at a higher level across the precordium; in the second 
d at. ; record at the regular level of chest leads, T was normal, at the higher level T was plus-minus in leads V1, 
receding 2, 3, and positive in leads V4, 5, 6. These changing patterns showed regression of the lesion. At both 
iteresting occasions the high chest leads revealed decidedly more information. The diagnosis was antero-lateral 
tarted 34 wall infarction, more so in high position, partially transmural, with partial recovery. 
nth later, 
he blood DISCUSSION 
é an Inversion of T Deflections, associated with a Normal Initial Deflection. While, generally speaking, 
mala inversion of the T deflections is a non-specific finding, it becomes diagnostically very significant 
| of chest when there is a history of angina, past or present, particularly after pericarditis and electrolyte 


est leads, | | imbalance have been ruled out. Such a finding is frequently interpreted as “ischemia”, the 
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Fic. 5.—Case 8. The heart is in an electrical vertical position. In graph A, T1 is lower than T3, T is slightly nega- 
tive in lead aVL, and T is high in lead aVF; at the regular level of chest leads, T is negative in lead V1, notched 
in lead V2, and normal in leads V3, 4,5, 6. In graph B, T is negative in leads I and aVL; at the regular level 
of chest leads, T has turned positive in leads V1, 2, while the voltage has slightly dropped in leads V5, 6; at 
the higher level T is negative across the whole precordium. In graph C, T is now near the baseline in lead aVL; 
at the regular level of chest leads, T is normal across the precordium and also at the higher level (perhaps with 
exception of lead V1). Findings have changed from graph A to graph B (taken when there had been chest 
distress following electro-shock therapy),and graph C. In graph B, when the regular chest leads fell within 
normal limits, the high chest leads were definitely abnormal. 


implication often being that this is a reversible state (which pictorially it often is), and that, if there is 
present an “organic” lesion, it is of limited degree and extension. It is furthermore true that many 
of these patients reveal no electrocardiographic evidence of injury current, i.e. displacement and 
modification of the form of the S-T segments, even when the record is taken early. These abnormal 
T deflections are often reversible, and the patients often show a benign clinical course, though 
recurrences will take place; they deserve careful clinical and cardiographic follow-up studies 
because progression to a more extensive lesion may occur. Recovery of the abnormal T wave 
pattern has been described by East and Oram (1948) and by Papp and Smith (1951). T deflection 
changes, in association with the anginal syndrome, have been attributed to a diffuse and intense 
cardiac ischemia from interruption of the blood flow in the left coronary artery, this temporary inter- 
ruption of the coronary blood stream being apparently explained by a spasm of an artery unaffected 
by material atherosclerosis (Evans, 1955). The number of anatomically verified cases is small but 
the available evidence points to the fact that these patients have permanent structural damage, 
narrowing and atherosclerosis of the coronary arteries, and small infarctions (Pruitt, Klakeg, and 
Chapin, 1955; Cutts, Merlino and Easton, 1957; Abrahams, 1957; Kubicek, 1958). 

Of the first eight patients described in this study, none had Q deflections of a significant degree 
in the chest leads at either regular or high level; one of these (Case 6) had Q deflections in 
leads II, III, aVF, depicting an old postero-diaphragmatic lesion. The abnormal T deflections 
in the chest leads were either constant (Cases 2, 3), or regressive (Cases 6,8), or progressive (Cases 4, 
5, 7), one patient was seen only once (Case 1). In seven out of these eight, an anginal history 
was present. Case 9, who also gave an anginal history, showed more advanced electrocardiographic 
alterations and revealed regressive changes with respect to both the initial and the final deflection. 
High Chest Leads. While each chest lead depicts electrical changes produced in the heart as a 
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whole, patterns obtained at the individual lead locations on the body surface depend upon their 
proximity to the heart and are influenced more by changes in this proximity than by those in 
distant parts of the heart. Rosenbaum et al. (1946) first pointed out that in instances of 
suspected infarction of the basal parts of the lateral wall of the left ventricle, the usual unipolar 
limb leads and the six standard precordial leads failed to furnish unequivocal evidence of myo- 
cardial infarction, while unipolar leads from points on the anterolateral, lateral, and posterolateral 
aspects of the upper left thorax supplied electrocardiographic data of greater value. They recom- 
mended that such leads at a higher level be taken when the clinical history and lead I, or lead 
aVL, both suggest that myocardial infarction has occurred and the standard leads from the left side 
of the precordium fail to display changes of the kind and magnitude expected. Their cases repre- 
sent instances of fairly good-sized lesions, to judge by the presence of alterations in the initial 
complex (Q deflections), certainly in the high leads and sometimes, though to a lesser degree, in the 
leads taken at the usual level. The same consideration holds true for case reports in subsequent 
publications, such as by Alzamora and Mispireta (1948), Myers et al. (1948, 1949), and Reindell 
and Klepzig (1958). In this connection attention is directed to the fact that absence of Q deflec- 
tions depicting the epicardial aspect of the apical portion of the left ventricle may be noted 
despite the presence of an infarction (recent or old); namely when the left side of the apical portion 
of the septum is involved, resulting in a reversal of its activation to a right-to-left vector, in which 
case, however, high leads would disclose abnormal QS and QR complexes (Myers and Talmers, 1955; 
Burch and Ziskind, 1956). 

That QRS abnormalities noted in the high chest leads, due to myocardial infarction, may 
disappear was pointed out by Benchimol et al. (1947), and is exemplified by our Case 9. 

Abnormal T deflections (either inverted or of the low-notched type) predominantly or exclu- 
sively occurring in the high chest leads, in conjunction with the anginal syndrome and due to 
myocardial lesion (infarction) have been described by Dressler and Roesler (1948), Mussafia and 
Comberiati (1950), and Schlant et al. (1954). 

The positioning of these high exploring leads, as described by various authors, varies. In this 
study, the leads were taken at the level of the third rib. 

A systematic study of high chest leads for normal persons was done by Massumi (in Prinz- 
metal et al. 1957); Q deflections were noted only in position V1 and in the midline in the first 
intercostal space, and in position V1 in the second intercostal space; T was invariably negative 
in position V1 in the first intercostal space, invariably positive in V4 of all three intercostal 
spaces, the intervening leads showing transitions between the two extremes; the initially positive 
R deflections were small on the right side and higher on the left side. 

The Triad: T1 lower than T3, T negative in AVL and high in AVF, and T abnormal (negative, low, 
notched) in high chest leads. The pattern T1 lower than T3 as described by Dressler (1943), and 
Dressler and Roesler (1948), is frequently associated with myocardial infarction not of extensive 
degree, but is not specific since it is observed in patients with normal hearts that are vertical in 
position and in patients with pulmonary emphysema; vertical position favours transmission of 
cavity potential, therefore T in aVL is frequently negative and this leads to a low voltage T in I. 
Subsequent studies along this line were made by Tourniaire et a/. (1950), Peluffo (1951), Van Dooren 
and Boyadjian (1952), and Moll and v. Lutterotti (1952). The significance of a negative T in aVL 
greatly increases when the initial deflection in this lead is upright; it points to an abnormality in the 
anterolateral area, and, if nothing abnormal is noted in the conventional precordial leads, it points 
to an abnormality at a level further craniad. Goldberger (1947) had stated that T1 will be less 
than T3 whenever T left arm is negative, and this is correct, but his statement that when this pattern 
occurs after anterior infarction, the multiple precordial leads show typical patterns of anterior 
infarction is incorrect, as shown by Dressler and Roesler (1948) and by this study. When there is 
a basal lesion of the heart, usually antero-septal or antero-lateral in location, the negative potential 
of the left arm is greater than that of the right arm, T in aVL is negative, T1 is lower than T3, T in 


aVF reciprocally is high, and yet the T deflections in the precordial leads taken at the customary 
2E 
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level may reveal no alterations or only minor ones; with respect to the latter alternative there may 
be merely a lowering in voltage that is still considered to be within normal limits. 

That the triad is valid for the diagnosis of a myocardial lesion, even in the presence of a semi- 
vertical or vertical electrical position of the heart, is exemplified by our Cases 6 and 8 respectively, 
where at certain sequential moments, T deflections at the conventional level of chest leads fell within 
the normal limits while T deflections at a higher level were decidedly abnormal. 

The indication for taking special exploring chest leads, at a higher level, becomes obvious by 
now. They should be done when T1 is lower than T3, T in aVL is negative, T in aVF is high, and 
when the chest leads taken at the conventional level reveal no changes or no conspicuous ones, 
It is furthermore obvious that these additional leads should be taken as soon as the physician has 
inspected the twelve leads, and preferably while the patient is still connected with the electro- 
cardiograph. This desirable state will be much more often fulfilled in office practice with its indi- 
vidual approach rather than in the routine mill of hospital work where so frequently, and one may 
add, so unfortunately, a technical laboratory is interpolated between patient and physician. It is 
finally obvious that failure to take a left arm lead constitutes a regrettable omission. 


SUMMARY 


Nine patients who had myocardial infarctions of minor degree are presented: most probably 
these were small infarcts of intramural location at a high level, antero-septal-lateral. They were 
considered to be examples of obstructive coronary artery disease. The anginal syndrome was 
present in eight of the nine cases. The electrocardiographic studies revealed, in addition to T] 
lower than T3, T negative inaVL and high positive in aVF, abnormalities of the T deflections (low 
voltage, notching, negativity) in at least several of the high chest leads, while leads taken at the 
conventional level exhibited either no T-wave abnormalities or only minimal alterations. The 
clinical course in all these patients was benign in character. 
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VALVOTOMY AS A CURATIVE OPERATION FOR SIMPLE 
PULMONARY STENOSIS 
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Four years ago we reported the results of pulmonary valvotomy in 58 patients with simple 
pulmonary stenosis (Campbell and Brock, 1955). This, I think, is the best term for pulmonary 
valvular stenosis with a closed ventricular septum, whether the foramen ovale is unsealed in which 
case central cyanosis will develop if the stenosis is severe enough, or whether it is sealed in which case 
there cannot be central cyanosis, however high the right ventricular pressure. We gave our reasons 
for thinking it was a good operation. As with operation for Fallot’s tetralogy, it relieved the 
symptoms and cyanosis, if these were present. In addition it enabled a large heart to become 
smaller and right ventricular strain to become less—changes that cannot be expected with Fallot’s 
tetralogy where generally, with the increased activity that is made possible by a successful operation, 
the size of the heart and the right ventricular strain increase. 

We are now reporting the further progress of these patients and of another 18 operated on up 
to the end of 1956, making 76 in all. There were 13 more acyanotic and only 5 more cyanotic 
patients, making a total of 46 acyanotic and 30 cyanotic. But our main purpose is to assess the 
results more critically and to consider how far pulmonary valvotomy for simple stenosis can be 
considered a curative operation. More patients have been recatheterized, and the significance of 
the pressure readings taken at operation is now better understood. 

At first, results were judged mainly on clinical grounds, and improvement in the size of the heart 
and in the electrocardiogram were so welcome, and perhaps so unexpected, that they were added 
as something extra. Now we have tried to assess, mainly by the objective changes, how many 
patients have improved enough to be regarded as nearly normal. Previously, we had studied the 
diminution of T inversion across the chest leads, which, even when it had been present from V1 
to V4, often disappeared entirely or nearly so: now we are adding the diminution of right ventri- 
cular preponderance as shown by the decrease of the size of the R wave in V1 and of the sum of 
SI and RIII, which are among the reliable measures (Woods, 1952). 

Earlier, we excluded one girl with sole infundibular stenosis and thought this was rarely found 
alone or in combination with valvular stenosis when the ventricular septum was closed, though it 
so often is with Fallot’s tetralogy. Now, however, we have included her and two others operated 
on since. Apart from true infundibular stenosis, the greatly hypertrophied muscle of the right 
ventricle often produces infundibular obstruction, sometimes with a large gradient. Campbell 
and Brock (1955) emphasized that when a gradient remained at the time in spite of a successful 
valvotomy, recatheterization a year or so later might show that it had become much smaller. The 
great improvement in some such patients, clinically and in the reduction of right ventricular pre- 
ponderance and strain, convinced us that such a residual gradient could regress. In retrospect, I 
am surprised that we did not attribute this to infundibular muscular obstruction rather than 
“underdevelopment of the valve ring and of the right ventricular outflow tract,” for since a necropsy 
in 1950 I had been impressed by the apparent obstruction that could be caused by the greatly 
hypertrophied muscle of the right ventricle. 
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Kirklin et al. (1953) had discussed this question, and later in 1955, when the infundibular 
obstruction had been recognized at operation and sometimes relieved by infundibular resection, 
Brock (1955 and 1957) described and illustrated this secondary infundibular obstruction after 
pulmonary valvotomy: he suggested that even incomplete relief of the valvular stenosis might be 
enough to allow regression of the infundibular obstruction. Johnson (1959) has now studied this 
question in detail and confirmed this view. He found that in 8 of 10 such cases with full data, the 
obstruction regressed completely in spite of some residual valvular stenosis, but much less completely 
if the right ventricular pressure was still as high as 100 mm. after valvotomy. Of his total of 75 
cases, 60 are the same as those in this series and 15 have been operated on since in 1957-58. 


RESULTS 


All but one of these patients were in the group of severe pulmonary stenosis as defined by Wood 
(1956), for the right ventricular systolic pressure was over 100 mm. Hg in all except one (V79) 
where it was 90 mm. The largest number fell in the group with pressures between 140 and 159 
and the mean of the pressures was 152 mm. There was no great difference between the cyanotic 
and acyanotic groups, and in both the range was quite wide (see Table I, which includes all who were 
catheterized except some early patients where only mean pressures were measured). 


TABLE I 
RANGE OF RIGHT VENTRICULAR SYSTOLIC PRESSURES 











| 
Range of R.V. 80 | 100 120 140 | 160 | 180 | 200 
systolic pressure to | to to to to to | and 
(mm. Hg) | 99 m9 | 139 159 | iw | 199 | over 
Cyanotic patients me oe | oe | 3 | 5 | 5 3 | 2 1 
| | | 
Acyanotic patients... = 1 | 9 | 8 12 7 | 2 1 
ra ma es | es | | 0 | 4 2 
| | 





Most of these patients were operated on by the transventricular route, though some more recent 
ones have had open operations under hypothermia (see p. 426). 

Operative Mortality. There were 12 deaths among the 76 patients who had an operation, at 
the time or immediately after, but 5 were among the first 6 operated on and several of them were 
gravely ill with congestive failure. Among the 7 later deaths, two were equally late cases, one 
was in the early stages of using hypothermia, and only four were average cases so that the expected 
mortality is under 6 per cent. 

Length of Follow-up. This leaves 64 patients (21 cyanotic and 43 acyanotic) for consideration 
of the results, and they have now been followed up for an average period of 6 years, many for 7 
to 8 years, and one for 10 years. 


CYANOTIC PATIENTS 


Here the results are easy to judge because the patient always had symptoms and nearly always 
signs of right ventricular (R.V.) strain: about half had an enlarged heart. All of them were better 
clinically and only two showed any residual cyanosis. Including them, the average arterial oxygen 
saturation was increased from 78 to 94 per cent and the pulmonary flow from 2:5 to 4-2 litres. 
Corresponding to this, the polycythemia and hemoglobin percentages fell to normal, from 120 
to 88 per cent on the average. 

In the 10 with a large heart this became smaller and in 7 much smaller (Table V) Nearly half 
lost all the T inversion and much of their R.V. preponderance and in others it became less. The 
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average systolic gradient across the pulmonary valve had been reduced from 138 to 27 mm. Hg 
in the seven who have been recatheterized, and in five, where this has not yet been done, it was 
reduced from 74 before valvotomy to 26 mm. afterwards. Comparing these last figures with those 
found at catheterization before operation they are often too low because of the conditions at the 
time. Most of the gradients that are shown in the Tables were measured by cardiac catheterization 
before and after operation. The figures in brackets were obtained at the time of valvotomy; if 
the gradient immediately before this was much lower than that obtained at catheterization previously, 
it and the gradient obtained after valvotomy were both increased proportionally and such figures 
are marked with an asterisk. 

In the more detailed analysis that follows, three patients from overseas, all of whom were doing 
well, have been omitted so that 18 remain. Some results for 9 of these where we have full data are 
shown in Table II. In seven (V23, V47, V95, and V138 of Table II and three others who have not 


TABLE II 
RESULTS OF PULMONARY VALVOTOMY IN NINE CYANOTIC PATIENTS 





| | | 
Case Sex Reduction Reversal Reduction | Reduction | Reduction 














No and in systolic | of T inv. of R in of SI in cardio- 

age gradient | in leads Vi +RIII | thoracic ratio 
V 23 F 11 90 to 11 V5-V1 | 14to4 | 58tol4 | Normal 
V 47 F7 160 to 30 V4-V1 | 24to4 50 to 29 | Normal 
V 95 F 33 101 to 31 v2-V1 4to0 15 to 10 Normal 
V 138 KS (101 to 26) V6-V3 28 to 6 60 to 19 60 to 54 
V 78 FT 83 to 21 Normal 23 to 2 45 to 19 Normal 
V 107 F 19 97 to(21)* Normal 8 to 1 22 to 2 Normal 
V 41 M11 126 to 45 VS V4 |; Htod | Gwo2Z 58 to 50 
V 73 F 19 131 to 44 v4 13 to 6 32 to 8 64 to 54 
V 114 M 4 102 to(23)*, V5 52 to 3 48 to 11 65 to 53 
Average 110 to 28 | — 22 to 3 43 to 15 — 





* In most cases shown in Tables II-IV the gradients were measured by cardiac catheterization before 
and after operation. The figures in brackets were obtained at the time of operation. If the 
gradient just before valvotomy was much below the gradient at catheterization before operation, 
this and the gradient measured after valvotomy were both increased proportionally and such 
figures are marked also by an asterisk. 


been recatheterized) the reversal of the T inversion was almost complete: the average R in V1 was 
reduced from 31 to 6 mm. and the sum of SI+RIII from 49 to 22 mm. In three others (including 
V78 and V107 of Table II) there was no T inversion and the signs of R.V. preponderance were less 
severe before operation: they were, however, equally reduced, the average R in V1 falling from 20 
to 2 mm. and the sum of SI+RIII from 27 to8 mm. These 10 patients still have some pulmonary 
stenosis, but it has been reduced to a level where we do not think it will ever be of importance. 

There were, however, 8 patients (including V41, V73, and V114 of Table II) where the T inversion 
was reversed to some extent but much less than in the first group and less than was hoped for. 
In spite of this, the reduction of R.V. preponderance was nearly as much, the average R in V1 
falling from 27 to 8 mm. and the average sum of SI+RIII from 52 to 24mm. There is no doubt 
that they were greatly improved, but in two who were recatheterized the gradients were still 44 and 
45 mm. and we are less certain about their future though all are still doing well. Age seemed to 
have some influence on the results obtained, for in this group four were between 19 and 26 years 
and the other four averaged 7 years of age, while in the former group only one, aged 33, was over 
20 and the other nine averaged 6 years of age. 

On these findings, all the patients have been greatly improved and 10 of the 18 have obtained 
an excellent result that is nearly perfect. One, however, is not likely to maintain it because she 
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developed rather free pulmonary regurgitation (V84). Only two others, both children, developed 
a lesser degree of this and after five years it has not prevented great improvement clinically and 
objectively (V94 and V114). 


ACYANOTIC PATIENTS 


Here the degree of improvement is not always as easy to assess because often operation was 
advised mainly because of the high right ventricular pressure, but half of them had fairly severe 
symptoms. Only 11 of the 43 showed much enlargement of the heart but 25 showed R.V. strain, 
perhaps an undue proportion because I regarded this as a strong indication for operation. 

Only one of the 43 patients failed to benefit (V104). Though he feels about the same and still 
plays football, bundle-branch block has persisted since the operation, his heart has become larger, 
and the gradient has hardly been reduced. Recatheterization revealed that the obstruction was 
infundibular and this had not been recognized. No patient has lost any of the improvement he 
had gained, but one has died from other causes, a boy who obtained a good result but developed 
tuberculosis and died from this after a chest operation six years later (V78). 

All but two of the other 41 patients were able to resume active lives. Five of the girls have 
married, and this includes nearly all who could have done so, which is not the case after successful 
operations for Fallot’s tetralogy. Three who were married have had children for the first time. 
The clinical judgment of improvement was supported by objective signs in nearly all. In 16 of the 
25 where there was R.V. strain, it diminished greatly and the R.V. preponderance also diminished. 
In 10 of the 12 where the heart was large it became smaller. The average systolic gradient across 
the pulmonary valve had been reduced from 123 to 41 mm. in the 22 who have been recatheterized, 
and from 85 before valvotomy to 27 mm. after it in six of the recent cases where this has not yet 
been done. 

The Best Results. In 25 patients the result seemed nearly as good as one could wish. Eight 
of them are shown in the upper part of Table III. The average systolic gradient across the pulmon- 
ary valve was reduced from 122 to27 mm. The T wave inversion in the left chest leads was always 
reversed in V2, V3 and V4, and also in V5 if it had spread so far, and often in V1 also. The 
average R wave in V1 was reduced from 23 to 6 mm. and the sum of SI+RIII from 37 to 19 mm. 
In 7 others there was the same improvement in all these particulars, the average R in V1 falling from 
26 to 11 mm. and the sum of SI+RIII from 35 to 20 mm. but the gradient had not been measured 
since their operations. The oldest patients among these fifteen were aged 21, 20, and 19 years and 
all the others were aged 16 or less. 

In the other 10 of the 25, the results were equally good and the only reason for separating them 
was that originally they had not shown signs of R.V. strain. The results are given in the lower part 
of Table III. The average systolic gradient was reduced from 103 to 28 mm. T inversion had 
never spread beyond V1 and when present here it was generally reversed. The average R wave 
in V1 was reduced from 14 to 6 mm. and the sum of SI+RIII from 22 to 14 mm. The oldest 
patients were aged 22, 20, 19, and 19 years and the others were aged 14 or less. 

Less Good Results. There were 14 patients in this group. Four of the earliest seemed very good 
at the time but in retrospect they were only improved and not nearly cured. With them in the 
upper part of Table IV we are including a fifth with equally severe stenosis and a similar result. 
The systolic gradient was reduced to half or less in four of the five and recatheterization failed 
in the fifth. Of the two where the heart was enlarged, it was reduced to normal size in one (V39) 
and in the other (V 45), already 29 years old, it became smaller. The T inversion in the chest leads 
always became less but was not abolished. The average size of the R wave in V1 was reduced from 
22 to 12 mm. and of SI+RIII from 33 to 16 mm. 

The first (V30) is now leading an active life in Malaya: it is surprising that with such a high 
gradient (158 mm.) his heart had not become large, and equally that his R.V. strain had diminished 
so much with a residual gradient of 78 mm., but this may have regressed since. The second (V39) 
leads an active life with a heart that is now normal in size, and the third (V43) leads a quiet life in a 
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TABLE III 
ACYANOTIC PATIENTS WHERE THE GRADIENT WAS REDUCED TO UNDER 40 MM. WITH GooD EFFECT 























Case Sex | Reduction | Reversal Reduction Reduction Reduction 
No. and in systolic | in T inv. of R in of SI in cardio- 
age gradient* | in leads Vi +RIIl thoracic ratio 
V 86 F 14 102 to 39 V4-V2 | 17to8 | 62to18 ; Normal 
V 88 M11 130 to 34 V5-V2 24to14 | 30to 22 55 to 52 
V 116 M21 155 to 34 V4-V2 24 to 1 42 to 34 Normal 
V 120 M 19 145 to 17 V3-V1 2to2 | 42 to22 Normal 
V 127 M 12 110 to 2 V5-V2 26 to 5 33 to 14 57 to 52 
V 133 F 5S (120 to 32) V5-V2 17to4 | 28to 18 63 to 57 
V 134 M 13 (1Sto21) | \V3-V1 23 to 3 | 22 to 16 Normal 
V 139 M 16 101 to (37)* V3-V1 27to12 | 34to6 Normal 
Average (8) 122 to 27 V4-V1(2)| 23to6 | 37to 19 _- 
Patients with less R.V. Strain before Operation 
V 64 F 19 140 to 38 Normal 5 to 3 21 to 14 Normal 
V 79 M 14 84 to (22)* Normal 5 to 3 21 to 20 Normal 
V 82 M 7 100 to 25 Vi 25toll | 31 to 22 Normal 
V 83 F 19 114 to 32 Vi ISto4 | 24to8 Normal 
V 89 F 12 90 to 31 Normal! 14to 8 24 to 14 Normal 
V 100 M 12 75 to 28 Normal 18 to 10 19 to 16 Normal 
V 101 M 12 124 to (25)*| Normal 11 to7 9to4 Normal 
V 118 F 20 103 to 14 Vi 19 to 4 33 to 15 Normal 
V 140 F 14 97 to (36)* Normal 2to2 18 to 13 58 to 55t 
V 141 M 22 100 to (30) Vi 27 to 9 22 to 16 | Normal 
Average (10) 103 to 28 -— | 14to6 | 22tol4 -- 
* See note to Table II. + After one year only. 


bank and plays golf. The fourth leads a more active life and has had her first baby without any 
set-back: her paroxysmal auricular fibrillation has become established—an uncommon complication 
of pulmonary stenosis—but she is less troubled by this, controlled with digitalis, than she was before. 
The fifth (V108) is disappointing because the surgeon had become much more experienced: he is 
improved but cannot lead a normal life, mainly because his gradient is still much too high though his 
age of 33 years may also be a factor. 

Another 9 patients with results that were not so good, though they were greatly improved, are 
shown in the lower part of Table IV. The average gradient was reduced from 113 to 42 mm. but 
it was often about 40 instead of about 30 as in the more successful cases. The T inversion was 
generally reduced but not abolished. R in V1 was reduced from 20 to 10 mm. and the sum of 
SI+RIII from 33 to 25 mm. 

It is obvious that these nine patients were older, all but three being 23 or more, and the importance 
of this will be discussed later. The first three did not fall far short of those with the best results, 
but they were not quite so good, probably because the gradient had been reduced less. The failure 
in the fourth (V69) must be due to the production of pulmonary regurgitation for though the gradient 
had been reduced to 10 mm. there was no relief of her R.V. strain and the heart became larger— 
the only case in the series where this happened—so that in the long run she is unlikely to benefit. 
In one other (V121) a slighter degree of pulmonary regurgitation prevented the heart size decreasing 
as much as it should have. A pulmonary diastolic murmur was heard in three others, but has not 
so far prevented a good result. 

The remaining five were all 25 years old or more, and this was probably one reason why they 
did not get better results. In the first two (V97 and 93) the improvement in R.V. strain was much 
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TABLE IV 
ACYANOTIC PATIENTS WITH ONLY MODERATE IMPROVEMENT 




















Case Sex Reduction Reversal Reduction | Reduction Reduction in 
No. and in systolic of Tinv. | ofRin | of SI cardio-thoracic 
age gradient inleads_ | Vi | +RIII ratio 
V 30 M 12 158 to 78 Wa Vz 16 to 12 41 to 26 Normal 
V 39 F 10 140 — | V4 28 to 30 52 to 25 63 to 49 
V 43 M 18 130 to 60 V3 V2 | 31ltol4 | 18to10 Normal 
V 45 F 29 98m to 30mt| V4 17 to 7 36to12 | 68 to 63 
V 108 M 33 173 to80 | V3 V2 20 to 7 16 to 9 Normal 
Average (5) 165 to 78 | -- 22to12 | 33to 16 
V 56 M23. | 98to48 | V4V3V2/| 31to20 | 32to24 Normal 
Vv 70 M 13 124 to 43 v2 V1 30 to 0 40 to 31 Normal 
V 121 F 10 105 to 42 V3 V2 20 to 8 46 to 31 59 to 57t 
V 69 F 17 75 to 10 None 18 to 5 21 to 18 53 to 56t 
V 97 F 33 124 to (46)* | V4 V5 14to4 22 to 14 | 69 to 54 
V 93 F 42 145 to (42)*| V4 9to4 30to 21 | 59 to 54 
V 80 F 25 109 to 45 None 8 to 1 _ Normal 
V 105 F 25 135 to (65)*| V6 V5 14 to 10 37 to 27 Normal 
V 92 M 25 100 to 39 None 34 to 34 | = 36 to 37 Normal 
Average (9) 113 to 42 —- 20 to 10 33 to 25 — 
* See note to Table II. + = mean pressures. 


{ These two patients developed pulmonary regurgitation. 


less than usual. In the third (V80) the gradient was still 45 mm. and the T inversion in V1 and V2 
did not change. The fourth and fifth are the most disappointing for they had signs of severe R.V. 
strain that did not improve much. In the last (V92) with a gradient of only 39 mm. it is difficult 
not to think that his age had led to some irreversible changes. This accounts for 39 of the 43 
patients. Operation was a failure in the one boy described and three, including the boy who spent 
much of his time in a sanatorium and died there, are excluded as our data are not sufficiently 
complete. 


REDUCTION IN THE SIZE OF THE HEART 


Symptoms and a general increase in the size of the heart, as opposed to hypertrophy of the right 
ventricle, are late developments of severe stenosis. Probably because of this, they are easy to 
relieve and a successful operation, even if it leaves some residual gradient, always relieves the symp- 
toms and results in the heart becoming smaller and often of normal size. 

The 10 cyanotic patients with general cardiac enlargement (cardiothoracic ratio above 52 per 
cent) are shown in Table V. The heart has always become smaller and generally normal or nearly 
normal in size. The average cardiothoracic ratio had been reduced from 60-1 to 53-3 per cent after 
four years and the decrease seemed to be progressive. The reduction was by more than one-tenth 
of the original diameter, and by nearly one-sixth in the last six cases where the heart had been greatly 
enlarged. The heart that is now the largest (c.t.r. 57°% in V84) has failed to regress further because 
the patient developed some pulmonary regurgitation, but this was not enough to prevent it becoming 
smaller. 

Similarly, all the acyanotic patients with a large heart are shown in Table V, the two who developed 
pulmonary regurgitation being shown separately below. In one where there was free regurgitation 
the heart became larger and in the second it did not become much smaller. In the other ten it 
improved as much as in the cyanotic cases, its average diameter having been reduced by one-tenth. 
In one patient the heart, though smaller, was still very large (V45; c.t.r. 68 to 63°) but her age was 
already 29 years and her gradient was still considerable. Even age does not prevent great reduction 
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TABLE V 
REDUCTION OF HEART SIZE AFTER VALVOTOMY IN SIMPLE PULMONARY STENOSIS 





Cardiothoracic ratio (percentage) 

















Case Sex — — : — - ——--——- 

No. and | Pre-op. ier. | 2 ye. 4 yr. 6 yr. 

age | or more 

Cyanotic patients 

V 40 F 5S 56 56 56 55 53 
V 41 M11 58 51 50 49 50 
Vv 49 M 8 56 53 53 53 52 
V 71 F 26 54 52 52 52 53 
V 73 F 19 64 59 57 55 54 
V 74 M 5 64 60 52 51 48 
V 84 M 4 66 64 60 57 — 
V 94 M 4 68 61 58 54 _~ 
V 114 F 4 65 54 54 53 —— 
V 138 F 3 60 53 54 — — 

Average 60-1 56-4 | 54-7 53-7 (52-5) 

Acyanotic patients 

V 39 F 10 63 56 54 52 49 
Vv 45 F 29 68 63 61 63 63 
V HS M 8 56 52 52 54 54 
V 75 F 6 63 58 58 57 — 
V 88 M11 55 53 53 52 52 
V 93 F 42 59 I 56 54 54 
V 97 F 33 69 55 54 54 — 
V 127 M 12 <2 54 52 _- — 
V 133 F 5 63 58 57 — — 
Vv 140 F 14 58 53 | _ — — 

Average 61-2 56-1 | a2 | ee | (54-8) 





Acyanotic patients with pulmonary regurgitation 





V 69 ria | 53 a7 56 my 56 
V 121 F10 | 59 62 59 57 | ~ 


i 





as shown by Cases V93 and V97, though in the latter some of the reduction was due to her persistent 
ductus having been closed at the same time that she had valvotomy. 


IMPROVEMENT IN THE ELECTROCARDIOGRAM 


These changes can be summarized as follows for 57 patients (18 cyanotic and 39 acyanotic), 
omitting the one who did not benefit and the six with less complete data. No significant T wave 
inversion remained in 37: in 14 of these it had never been much and in 23 it had been severe, 
extending across the right chest leads to V4 or further. In 20 others, however, these signs still 
remained, though if they had been severe they became less than they had been. 

When the changes in R.V. preponderance in these groups are compared, the differences are not 
very striking though they are in the direction that would be expected. The average height of the 
R wave in V1 was reduced to a third or less in those with the best results (from 27 to 8 mm. in those 
with R.V. strain and from 15 to 5 mm. in those where there had been less strain), and to less than 
half (from 23 to 10 mm.) in those who were only improved. Similarly, the average sum of SI and 
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Fic. 1.—Great dimunition of right ventricular preponderance and strain and of a large pointed P Il after pul- 
monary valvotomy. (A) Before operation. (B) Three years after: R.A.D. is 10+14 instead of 
27+35; R in V1 is 7 instead of 40 mm.; and T inversion has disappeared in V3, V4, and V5 and almost so 
in V2. In(A) the standardization of V1—-V6 is half normal. Case V94, aged 3 years. 
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Fic. 2.—Great improvement in R.V. “preponderance that started in the first year after operation, and in T 
wave inversion mainly between the third and fifth years after operation. The gradient had been reduced 
from 112 to 14mm. (A) Before operation. (B) Eight years after. In (A) the standardization of V1-V6 
is half normal. Case V41, aged 11 
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Fic. 3.—Great improvement in R.V. preponderance 
and in less widespread T wave inversion, 
mainly within the first year after operation. 
(A) Before operation. (B) Five years after. 
Case V90, aged 18. 
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Fic. 4.—Virtual disappearance of gross R.V. preponderance and some strain after pulmonary valvotomy had 
reduced the gradient from 145 to 17 mm. (A) Before operation. (B) Five years after. In (A) the stan- 
dardization of V1—V6 is half normal. Case V120, aged 19. 


RIII was reduced from 40 to 20 mm. in those with the best results, from 23 to 13 mm. in those with 
less R.V. strain originally, and from 38 to 24 mm. in those that were only improved. The good 
results were more often in the young patients (see Table VI). 

Striking improvement in both T wave inversion and R.V. preponderance often run parallel, 
but the former is abolished completely more readily than the latter. Improvement of both is 
illustrated in Fig. 1-3 here and in Fig. 2 and 6 of Campbell and Brock (1955), and improvement of 
R.V. preponderance in a boy of 19 who had less T-wave inversion in Fig. 4. Four of these patients 
have been recatheterized and the gradients had been reduced from an average of 127 mm. before 
operation to 14, 17, 30, and 12 mm. respectively. The figures were chosen without reference to this 
but have in fact selected patients whose operations were particularly successful. It is, however, 
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Fic. 5. Much diminution of R.V. preponderance and strain after pulmonary valvotomy, although the pul- 
monary systolic gradient was still 60 mm. (A) Before operation with deep T inversion to V3. (B) Seven 
years after, showing R in VI 13 instead of 31 mm., and much less strain. Case V43, aged 18. 


possible to get great improvement with only a moderate reduction of the gradient. Most of the 
T inversion was abolished and the R.V. preponderance diminished in one boy (Fig. 5) although the 
gradient was still 60 mm., and the T inversion was greatly reduced in another (V30) although it 
was still 78 mm. 

The rate at which this improvement takes place varies. T-wave inversion often develops or 
becomes much deeper about a week after right ventricular section, and progresses for two or three 
weeks (Brock and Campbell, 1950) and there may also be signs produced by pericardial effusion. 
A year or so after operation is a good time for judging the result for by then, and often by six 
months, these temporary post-operative changes will have disappeared. The improvement in T- 
wave inversion will mostly have taken place within a year (Fig. 3) but may continue during the next 
two or three years: Case V41 (Fig. 2), however, showed little at one year and improved greatly 
even after four years. 

The signs of R.V. preponderance may improve more slowly though often within a year. A 
boy, aged 15 (V58), was chosen to illustrate improvement in T inversion, though after a year there 
was little change in his R.V. preponderance (Fig. 8, Campbell and Brock, 1955) but after three years 
R in V1 was 9 instead of 12 mm. and after seven years it was only 4 mm.: during this time the sum 
of SI+RIII improved gradually from 37 to 20 mm. The improvement in R.V. preponderance is 
more likely to continue for four years or so, sometimes because of the gradual regression of the 
infundibular obstruction. This was well shown in Case V127 where the gradient across the valve 
was reduced from 164 to 0 by valvotomy but replaced by an infundibular gradient of 92 that was 
reduced only to 62 mm. by infundibular resection: this too had disappeared completely when he 
was recatheterized 24 years after operation. Here much of the R.V. preponderance but less of the 
T inversion had disappeared after 15 months: after 30 months both had improved further (Fig. 5 
of Johnson, 1959): they have not yet disappeared though it seems likely that they will, as he was only 
12 years old at the time of operation. His T inversion had been observed becoming deeper and 
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spreading further across the chest leads for five years before I had an opportunity of advising 
operation. Torres et al. (1959) found that in mitral stenosis the signs of R.V. preponderance 
regressed in from three months to two years: this might be expected to be quicker for generally it 
has not been present for so long. 

Other changes may be seen. Large P waves generally become smaller (see Fig. 1), sometimes 
even in cases that we regarded as improved only. Evans and McRae (1952) described plane- and 
wing-shaped S-T depression and late-rising and notched T waves as lesser cardiographic signs of 
coronary disease. They can be signs of right ventricular strain also and are found in many patients 
with pulmonary stenosis. They may be seen also after successful pulmonary valvotomy when 
previously there was deep T inversion (Fig. 1B, 4B, and 5B, generally in leads V2 and V3). 


THE INFLUENCE OF AGE 


When a patient is only improved instead of being relieved, it may be because the operation has 
failed to reduce the pulmonary gradient adequately. Certainly some of these patients would have 
been better if it had been reduced still further, though there may be great improvement with a 
smaller heart and less R.V. strain, at least in young patients, even when the residual gradient is 
quite large. 

Age might be important because the valve has become more rigid and the outflow tract more 
fixed with age or because the myocardial changes have become irreversible. I had surmised that 
the age might explain why the signs of R.V. strain sometimes persisted, but had not realized how 
strong the evidence for this was. It will be seen from Table VI that only two of those where severe 
R.V. strain had been abolished were over 20, but that half of those where it was only improved 
were over this age. Actually the only four patients with striking disappearance of the R.V. strain 
pattern over the age of 16 were 18, 19, 20, and 22 years of age, though three others aged 19, 20, and 
21 had very good results. On the other hand, those where R.V. strain was present and was not 
successfully reduced included nine patients aged from 20 to 33 and one aged 42 years. 


TABLE VI 
AGE OF PATIENTS WITH AND WITHOUT MUCH REDUCTION OF RIGHT VENTRICULAR STRAIN 


| 














Age in years. . “s ne oa a. | Oto4 | 5 to9 1010 14] 15 0 19| 200 24 | 25 to 29) 30 and over 
T inversion reversed in V3 and V4 or more | a / : > | 6 2 | — | we es, 
Little or no R.V. strain... a -— i a 6 | a | 2 | ae | ies 

No change or only improved = ee | 1 2 | 3 | 4}; 3 | 4 | 3 





It is not easy to disentagle the factors of age and of inadequate reduction of the gradient, for there 
are not enough older patients with a good reduction of the gradient and yet with persistent R.V. 
strain. It seems, however, that age makes successful reduction of the gradient more difficult (as 
might be expected) and that even when it is reduced there is less certainty of the signs of R.V. strain 
being reversed. The fact that the patients who did not lose their T inversion lost nearly as much 
of their R.V. preponderance as those who lost their T inversion is a further reason for thinking that 
the latter is sometimes due to irreversible changes and not always to failure to reduce the gradient. 

We know that T-wave inversion sometimes represents functional changes because it can be 
reversed. Equally we know that many patients who come to necropsy have widespread but 
localized fibrosis in the muscle of the hypertrophied right ventricle, which must be irreversible. 
There is some evidence that these changes are common after 20 and uncommon before this age. 
Allanby and Campbell (1949) found these changes in all their cases with necropsy but five were 
between 17 and 29 and the sixth who was only 9 had an enormous heart and failure: the most 
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severe fibrosis was in two, aged 22 and 29. Marquis (1951) found it present in a patient of 27 but 
absent in three aged 5, 5, and 13, although they had deep T-wave inversion. 

Clearly patients should be operated on before they are 17, or at the latest before they are 25, 
lest the T inversion has become irreversible because it is now due to fibrosis of the muscle of the 
right ventricle. 


CLOSED AND OPEN OPERATIONS 

Most of these patients were operated on by the transventricular route, though some more 
recent ones have been done under hypothermia. Blount et al. (1954) reported 15 operated on in the 
usual way and 5 later ones operated on with a pulmonary arterial approach under hypothermia. 
The earlier series gives results similar to ours, with an average fall in the gradient from 152 to 43: 
the results were much better in those done by open operation, the average gradient falling from 97 
to 5 mm., but too many of them developed pulmonary regurgitation, severe enough to lead to 
enlargement of the heart. 

Of a later series of 38 patients operated on by this method with only two deaths (Blount et al., 
1957), 25 have been recatheterized since operation and the gradient was under 20 mm. in 17, and 
between 21 and 41 in the other 8 cases. Only in three of the earliest cases was any part of the 
pulmonary valve excised, but even so there were signs of pulmonary regurgitation in 8 of the later 
38 patients. After three years this had not produced any harmful effect and a heart that had en- 
larged after operation had generally become somewhat smaller later: the pulmonary diastolic pressure 
was always over 8 mm. and did not seem lower than usual. They thought, therefore, that most 
pulmonary regurgitation was slight and unimportant, but our experience makes us think that it must 
be avoided to obtain a good lasting result: the slighter degrees of it do not produce obvious draw- 
backs in the first few years, but do militate against the heart returning to a normal size, and without 
this the operation cannot be regarded as a complete success. On the present evidence, it seems 
better to be left with a gradient of 20 or perhaps 30 mm. and no pulmonary regurgitation than 
with no gradient but with some degree of regurgitation. 

This series does not prove that open operations with hypothermia have been more successful, 
because the few included were among the later operations which have mostly produced better 
results and lower gradients. This is also the experience of Crafoord (Hansen ef al., 1958) though 
he thought that the reported results by the transarterial route were generally better. 

We have no experience of pulmonary valvotomy in infants but the severity of the stenosis in 
Cases V84, 94, 114, and 138, all cyanotic children aged 3 or 4, shows that it may be needed urgently 
at anearly age. Rowe et al. (1958) reported the immediate results of open valvotomy in 21 children, 
aged between eight months and sixteen years, who had been recatheterized. Only one had died but 
the results were classed as good in only 9, as fair in 8, and as poor in 4: in many the gradients still 
seem to have been high. Operations seem, therefore, to be difficult in small infants but by three 
years of age we have found it possible to get excellent results. 


SUMMARY AND CONCLUSIONS 

We have followed up 64 patients (21 cyanotic and 43 acyanotic) for an average period of six 
years after valvotomy for severe pulmonary stenosis. These were the survivors of 76 who had been 
operated on by Sir Russell Brock in 1948-56. For patients who had not reached the stage of 
congestive heart failure, the operative mortality was under 6 per cent. 

Only one patient failed to obtain any benefit and this was because his stenosis was not recognized 
as infundibular. One has died from tuberculosis though he was satisfactory as far as his 
heart was concerned. All the others were doing well but we have excluded five of them (mostly 
from oversea) because our data were not complete. We have tried to decide how many of the 
remaining 57 had been improved enough to be regarded as normal for most purposes, with a normal 
outlook for the future. 

The results were so good in 35 (61°) of the 57, including similar proportions of acyanotic and 
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of cyanotic patients, that we think they nearly reach this high standard. They are able to lead normal 
lives and none has lost any of the improvement that was gained. The average systolic gradient 
across the pulmonary valve has been reduced from 111 to 28 mm. in the 27 where we have these 
measurements. In all the 14 where the heart was enlarged it became smaller, and in 11 much 
smaller. Where there was R.V. strain it was abolished or greatly reduced: R.V. preponderance 
also was reduced, e.g., the average size of the R wave in V1 was reduced from 22 to 7 mm. and the 
sum of SI+RIII from 33 to 17 mm. We think that these patients are likely to remain well for a 
long future. They have, of course, the risk of bacterial endocarditis, but none of them has suffered 
from this so far. Otherwise they can be regarded as nearly normal, though Johnson (personal 
communication) finds that the response to exercise is often abnormal even when the gradient has 
been nearly abolished. Perhaps the extra reduction of about 20 mm. in the gradient that would 
make them normal is more likely to be achieved with open operation with hypothermia, but this 
must not be at the expense of producing pulmonary regurgitation more often. 

Another 22 patients (39°%) were improved, often greatly but they still had significant pulmonary 
stenosis that may we think prove harmful in the future. In those where it was measured the average 
systolic gradient has been reduced from 132 to 55 mm. (against 111 to 28 mm. in the former group). 
In none of those with R.V. strain, as shown by T inversion in the right chest leads, was this abolished: 
it was, however, often improved and the R.V. preponderance was lessened nearly as much as in the 
first group (45 instead of 58°%). The heart became smaller in 6 of the 8 where it was enlarged, in 
3 much smaller, and in the other 2 we think this was prevented by the production of pulmonary 
regurgitation. . 

Most of the patients with the best results were under 16, and only four were over 20: on the other 
hand, nearly half of those who were only improved were over this age. One reason may be that 
good reduction of the gradient is more difficult because the valve and the outflow tract have become 
more rigid, but we think that sometimes it is because the fibrosis of the right ventricle has become 
irreversible. We have come to think, therefore, that patients should be operated on at an earlier 
age, as soon as convenient and always before they are 17, and that after 25 anything approaching a 
curative operation becomes much less likely. 

We have come to think also that operation should be performed for patients with less severe 
stenosis. If there is no R.V. preponderance in the electrocardiogram, the gradient across the 
pulmonary valve must be slight. If this is still so when the patient is 20, it is unlikely that he will 
ever need an operation and he is probably one of the fortunate few who will get on well till the age 
of 50—a group that has been discussed by Campbell and Missen (1959). At the other extreme, 
T-wave inversion in the right chest leads, often to V3 or V4, nearly always indicates an R.V. systolic 
pressure of over 100 mm. and this certainly needs relief. The pressure may, however, be as high as 
this without the T inversion, and unless a decision can be taken on other grounds, most patients 
with simple pulmonary stenosis should have catheterization to decide if an operation is needed or 
is likely to be in the future. 

A systolic gradient of 50 mm. across the pulmonary valve indicates, I think, the need for valvo- 
tomy. At first, with so many waiting, most of our patients had an R.V. systolic pressure of 100 mm. 
though Kirklin et al. (1953), Blount et a/. (1954), and Brock (personal communication) thought 
that a pressure of 75 (or a gradient of 55 mm.) was enough to demand operation. Examination of 
this series shows that those with an average residual gradient of less than 30 mm. have done very 
well, but that those with one of over 50 mm. leave much to be desired. Gradients of 40 are more 
difficult to decide about. In one patient, a gradient of 39 mm. did not prevent an excellent result but 
another of 39 and several of between 42 and 45 mm. did seem to. I think that a systolic gradient of 
45 mm. or inachild, where it might become higher as the child grew, one of 40 mm. is a reason for 
Operation, especially as the stenosis may become more severe from the deposition of fibrin on 
the valve (Campbell and Missen, 1959) and as exercise increases it above this resting value. A study 
of these cases suggests that gradients of 25 to 30 mm. are not of much importance whether they are 
natural as in cases of very slight stenosis, or residual after surgical relief of a larger gradient. 
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In reporting what will probably be my last follow-up of a group of patients I would like to urge 
the great importance of continuing long-term studies for many years. There is no other way of 
obtaining the information that is necessary for giving the right advice to patients. 


Once again, I should like to thank Sir Russell Brock for his initiative and skill in making this series possible, and 
for allowing me to assess the degree of improvement obtained. I have thanked Dr. Charles Baker and other colleagues 
who have allowed me to include some of their patients, and the registrars and research fellows who have contributed 
so much with the results of cardiac catheterization: to these I would now like to add Dr. Johnson whose paper on the 
regression of infundibular stenosis is published in this issue. 
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Pulmonary valvotomy by the closed transventricular technique was introduced as an alternative 
to the Blalock-Taussig operation in Fallot’s tetralogy (Brock, 1948) and for relief of pulmonary 
stenosis in the presence of a closed ventricular septum (Brock and Campbell, 1950). In Fallot’s 
tetralogy, at least until closure of the ventricular septal defect became feasible, some residual 
pulmonary stenosis was considered desirable. With a normal aortic root, however, complete 
relief of the stenosis was sought. It was soon found that this could not always be achieved at 
operation and for this three main reasons have been suggested. 

Kirklin et al. (1953), reporting twelve cases of transventricular pulmonary valvotomy, discussed 
the possibility that right ventricular hypertrophy might result in secondary stenosis in the infundi- 
bular region. Brock (1955), in an account of control mechanisms in the outflow tract of the right 
ventricle following a careful study extending over seven years, described and illustrated with pressure 
records secondary infundibular stenosis after pulmonary valvotomy. He discussed two factors 
responsible for this, the first mechanical, particularly in the region of the greatly enlarged crista 
supraventricularis, the second an exaggeration of the infundibular muscle tonus that normally 
functions to support the pulmonary valve ring. He suggested that, when this condition prevented 
complete relief of right ventricular hypertension, even a partial relief might suffice to allow regression 
of right ventricular hypertrophy and thus of secondary infundibular obstruction. 

Comparing their results of transventricular pulmonary valvotomy and of the open procedure Swan 
et al. (1954) expressed the view that inadequate valvotomy was the usual cause of failure to reduce 
right ventricular pressure with the closed technique. They contrasted the complete relief obtained 
in every one of five open operations in which they performed pulmonary valvotomy through the 
pulmonary artery, using hypothermia, and concluded that hypertrophy of the right ventricle was 
not a cause of outflow obstruction. The same group, however, found later that open valvotomy 
did not always completely remove the systolic gradient between right ventricle and pulmonary 
artery (Blount ef al., 1957) and agreed that this was sometimes due to infundibular obstruction 
which, they observed, was capable of regression. Campbell and Brock (1955) suggested a third 
explanation of residual stenosis, namely that the valve ring itself and the outflow tract were small. 
They noted that, in spite of a high residual gradient following valvotomy, the clinical improve- 
ment and the diminution of right ventricular strain were better than they had expected. In one 
such case the right ventricular pressure was found to have fallen further at recatheterization a 
year after operation. 

McGoon and Kirklin (1958) have reported further experience with transventricular and open 
pulmonary valvotomy. They found that, in some patients, infundibular stenosis demonstrated 
by catheterization within a few weeks of operation had regressed completely twelve to eighteen 
months later. The existence of infundibular obstruction after valvotomy appeared to add to the 
hazards of the post-operative period. 
2F 429 








430 A. M. JOHNSON 

Engle et al. (1958) reported regression of hypertrophic infundibular stenosis in three cases 
within a year of open pulmonary valvotomy: they considered these results implied that “‘it js 
unnecessary to resect portions of the right ventricular outflow tract under these circumstances”, 
Not everyone agrees with this view at present. Lillehei (1958) has suggested that any surgical 
technique for the relief of pulmonary stenosis must allow of ventriculotomy for infundibular 
resection should severe infundibular obstruction be revealed after valvotomy. The matter remains 
controversial regarding both the question of infundibular muscle resection and the degree of re- 
gression with the passage of time. 

The present study was designed to determine the incidence of hypertrophic infundibular stenosis 
and its immediate and remote prognosis, after valvotomy. 


MATERIAL AND METHODS 


Seventy-five cases of pulmonary valve stenosis with closed ventricular septum, operated upon by Sir 
Russell Brock at Guy’s Hospital between June 1950 and June 1958, have been reviewed. Fifty-six had 
closed transventricular valvotomy and in three of these closed infundibular resection was also carried out, 
Nineteen had open valvotomy through the pulmonary artery, seventeen with hypothermia and two with 
heart-lung-bypass extracorporeal circulation. Open infundibular resection was performed in five of the 
hypothermia cases. 

Pre-operative cardiac catheterization data, with the pressure tracings, were examined in 55 cases, 
Pressure records were made at operation before and after valvotomy in 66 cases. In two others, post- 
valvotomy records only were obtained. Post-operative catheterization was performed in 26 cases, the 
shortest interval after operation being three months and the longest nearly seven years. 

Eleven cases who had shown infundibular obstruction following pulmonary valvotomy were selected 
for more detailed studies. 

Clinical features were obtained from the patients’ records and the eleven selected cases were personally 
examined at the time of recatheterization. Electrocardiograms were all recorded on a Sanborn direct- 
writer and were thus easily compared over the years. Phonocardiograms were obtained through N.E.P. 
amplifiers and multichannel photographic recording apparatus. 

Pressure records were made at cardiac catheterization and at operation, using Southern Instruments 
capacitance manometers and amplifiers, with twin-channel Brush direct-writing recorder except in the eleven 
selected cases for which N.E.P. photographic recording was used. Af? operation withdrawal pressure 
records were made from pulmonary artery to right ventricle, before and after valvotomy, by means of a 
cannula introduced through the wall of the right ventricle. Following open valvotomy a finger was passed 
from the pulmonary artery down into the right ventricle to exclude associated congenital infundibular 
stenosis. 

The selected cases were recatheterized using a double-lumen catheter to obtain simultaneous, super- 
mposed pulmonary arterial and right ventricular pressures during rest and exercise. By use of the proximal 
aperture, repeated withdrawal records from pulmonary artery to right ventricle were obtained free from 
ectopic beats. In this way detailed records of pulmonary arterial, infundibular, and right ventricular 
pressures were obtained with simultaneous electro- and phono-cardiograms. Systemic arterial pressure was 
also recorded from an indwelling Cournand needle (18 gauge) in the brachial artery. 

Cardiac output was estimated by the Fick method, using the air-filled Donald-Christie (1949) closed 
circuit spirometer, with simultaneous pulmonary and brachial arterial blood samples, at rest and during 
exercise. The latter consisted of pedalling against a constant load, and five to seven minutes were allowed 
for a steady state to be established during it. 


RESULTS 

Nature of the Obstruction. Direct observation at ventriculotomy in three cases and at autopsy 
in seven has confirmed that this obstruction is produced purely by muscle hypertrophy in the outflow 
tract as part of general right ventricular hypertrophy. In one case only was slight endocardial 
thickening found in the outflow tract. The anatomical mechanisms have recently been fully 
reviewed by Brock (1957). 

Four of these cases had shown before valvotomy infundibular systolic gradients that increased 
after it. 

Incidence. For reasons that will be discussed in a separate report of pressure wave forms in 
pulmonary stenosis, an infundibular systolic gradient of over 20 mm. Hg is taken to indicate 
hemodynamically significant infundibular stenosis. 





















































ree Cases 
at “it is 
stances”, 
| Surgical 
indibular 
* remains 
‘ee of re- 


r stenosis 


on by Sir 
ty-six had 
irried out. 
two with 
ive of the 


55 cases, 
lers, post- 
cases, the 


e selected 


personally 
rn direct- 
gh N.E.P. 


struments 
the eleven 
1 pressure 
neans of a 
vas passed 
fundibular 


us, Super- 
e proximal 

free from 
ventricular 
essure was 


49) closed 
ind during 
re allowed 


it autopsy 
1e outflow 
idocardial 
been fully 


increased 


> forms in 
o indicate 





| 








HYPERTROPHIC INFUNDIBULAR STENOSIS 431 


Infundibular stenosis, so defined, was present in 17 per cent before valvotomy and in these cases 
it was increased following the valvotomy. It was demonstrated for the first time after valvotomy 
in 35 per cent when this was by the closed technique and in 59 per cent when it was by an open tech- 
nique. Thus, overall, 51 per cent in the closed and 77 per cent in the open valvotomy group showed 
significant infundibular obstruction (Table 1). 


TABLE I 
INCIDENCE OF SECONDARY INFUNDIBULAR STENOSIS 





Closed | Open 





Total | 
| valvotomy | valvotomy 
Operated cases om | 49 | 17 
Infundibular stenosis before valvotomy F (17%) | 8 (16%) | 3 (18%) 
Infundibular stenosis after valvotomy z1@iy%) | 17CG3s,) 10 (59%) 
| 25 (51%) | 13 (77%) 


Total with infundibular stenosis .. ns | 38 (58° 





In seeking criteria by which the supervention of infundibular stenosis following pulmonary 
valvotomy might be predicted, age, right ventricular systolic pressure, the electrocardiogram, and 
the cardiothoracic ratio were considered. 

With increasing age there was a steady increase in the proportion of cases showing infundibular 
stenosis. In the first decade 10 of 15 (66°%) showed it; in the second decade 23 of 31 (74°%); and 
in the third decade 11 of 13 cases (85°). 

It is generally agreed that this complication does not occur in mild cases of pulmonary valve 
stenosis. Average right ventricular systolic pressure at pre-operative cardiac catheterization was 
155 mm. Hg, with extremes of 109 and 238 mm., in the group with infundibular stenosis; and 
125 mm., with extremes of 77 and 190 mm., in the group without it. 

In the electrocardiograms, the mean height of the R wave in lead V1 was 28 mm. in the group 
with infundibular stenosis and 16 mm. in the group without it. The proportion of cases showing 
infundibular stenosis rose with increasing severity of cardiographic changes, whether R-wave 
voltage in V1 or T-wave inversion in leads V1, 2 and 3 was the criterion used (Fig. 1). The cardio- 
thoracic ratio was unhelpful, the average in the group with infundibular stenosis being 51 per cent 
(extremes 39°% and 67°%) compared with 56 per cent in the other group (extremes 35°% and 69°). 

Thus, the older the patient and the more severe the electrocardiographic changes and the right 
ventricular hypertension, the more likely is secondary infundibular stenosis to occur. 

The severity of the obstruction at the infundibular site, after valvotomy, was related to the height 
of the preoperative right ventricular systolic pressure (Fig. 3). 


IMMEDIATE POST-OPERATIVE PROGNOSIS 


This appeared to bear some relation to the right ventricular systolic pressure immediately 
following the operative procedure, whether this was valvotomy alone or accompanied by infundi- 
bular resection. A right ventricular systolic pressure about 100 mm. Hg seemed critical (Table II). 
Six of ten patients in whom it was higher than this showed persistent systemic hypotension and 
evidence of right ventricular failure. Two of them died about a day after operation. 

On the other hand, of 58 patients whose pressure was reduced below 100 mm. Hg, only four 
showed congestive heart failure post-operatively and all these recovered. Six post-operative deaths 
occurred in this group but in none of these were the features of right ventricular obstruction evident. 
Two were attributable to arrhythmias, prolonged and repeated ventricular fibrillation during 
operation in one and intractable ventricular tachycardia after operation in the other. A thirteen- 
year-old girl died with ‘‘post-perfusion cerebral syndrome”’’. A man, aged 37, whose right ventri- 
cular systolic pressure was reduced from 120 to 38 mm. by closed valvotomy, without the appearance 
of infundibular stenosis, died suddenly twenty-four hours later: autopsy revealed a grossly 
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TABLE Il 


IMMEDIATE POST-OPERATIVE PROGNOSIS IN THE PRESENCE OF SECONDARY INFUNDIBULAR STENOSIS 

















R.V. systolic not R.V. systolic reduced 
reduced below 100 mm. Hg | below 100 mm. Hg 

| Total | Closed | Open | Total | Closed | Open 
Number of cases... = ‘a — 6 4 58 43 15 
Severe congestive failure, died we 2 0 2 (1) 0 0 0 
Severe congestive failure, survived. . 4 3 1 0 0 0 
Mild congestive failure, survived .. 0 0 | 0 4 3 1 
No trouble ree 4 3 1 48 37 (2) 11 (3) 
Died, other causes 0 0 


0 6 3 (1) 3 (1) 





(Cases in parentheses had infundibular resection as well as valvotomy.) 


fibrotic and dilated right ventricle. In a girl, aged 12, closed pulmonary valvotomy had reduced 
right ventricular pressure from 173 to 113 mm. and closed infundibular resection then reduced it to 
42 mm.: heart block and a small communication between the ventricles resulted, however, and 
must have contributed to the fatal outcome. The sixth death was in the case of a man aged 20, 
in whom pulmonary valvotomy had been attempted unsuccessfully elsewhere two years previously: 
his right ventricular pressure before valvotomy was 160 mm. Hg and there were valvar and 
infundibular gradients. Following open valvotomy there was evidence of severe infundibular 
obstruction, so after ventriculotomy, infundibular resection was carried out: finally, pulmonary 
arterial pressure was 20/8 and right ventricular 56/4 mm., with systolic gradients of 8 mm. at the 
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Fic. 3.—Relationship of right ventricular systolic pressures immediately before and 
after valvotomy. The higher the R.V. systolic pressure before operation, the 
more severe is the residual stenosis after valvotomy and this is predominantly 
or wholly at infundibular level. 


valve and 28 mm. in the infundibulum. Twelve hours later, after an initially untroubled post- 
Operative course, he died of uncontrollable intrathoracic hemorrhage apparently associated with 
the division of multiple adhesions which had resulted from the previous operation. 

Infundibular resection was performed eight times in the present series (Table II), in three cases 
by the closed technique and in five by ventriculotomy. In a boy aged 4, whose right ventricular 
systolic pressure had not been reduced by open valvotomy, open infundibular resection brought it 
from 200 to 120 mm. Hg: he died twenty-four hours later in congestive heart failure. In two cases, 
right ventricular systolic pressures well over 100 mm. following valvotomy were reduced below this 
by infundibular resection with good recovery in both cases. In a child aged 5 and a girl aged 21, 
open pulmonary valvotomy had brought the right ventricular systolic pressures below 100 mm. 
and, although ventriculotomy and infundibular resection produced no further reduction in either 
case, they both made uneventful recoveries. The closed procedures in a girl, aged 30, had the same 
results and outcome. 


LONG-TERM PROGNOSIS AFTER OPERATION 
The degree of regression of hypertrophic infundibular stenosis and the response of the heart to 
exercise after such regression have been studied in a selected group of eleven cases (Table III). 
All had shown infundibular obstruction after valvotomy with residual systolic gradients of 50 mm. 
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Hg or more at that time. One to seven years had elapsed since operation, with a mean of four years. 

Assessment was (1) clinical, (2) electrocardiographic, (3) radiological, (4) phonocardiographic, 
and (5) hemodynamic. 

Clinical. These patients, whose disability consisted mainly of exertional dyspnoea (grade 
one to three out of four), have all done well subjectively and have normal or nearly normal exercise 
tolerance. The improvement was immediate in all except one, in whom there was continuing 
diminution of dyspnoea over a period of six months. 

Some degree of right ventricular hypertrophy was still evident in them all as a left parasternal 
lift (grade one to two out of four). The pulmonary systolic murmur proved a useful guide to the 
degree of residual stenosis. Three cases had developed pulmonary diastolic murmurs since opera- 
tion (Cases 7, 9, and 10, Table III). 

A pathologically large a wave in the jugular venous pulse, which all had before operation, was 
still present in two. In one of these (Case 6, Table III) severe pulmonary valve stenosis had been 
relieved one year before and moderate stenosis, greater at infundibular than at valvar level, re- 
mained. In the other, a girl aged 23 (Case 7, Table III), severe valvar stenosis had been relieved 
seven years before, leaving moderate stenosis almost entirely at infundibular level: she now showed 
very mild valvar stenosis only, but how long she had taken to regress from moderate to mild is 
unknown. The persistence of a large a wave and marked cardiographic changes (Fig. 4) may 
suggest that the regression at infundibular level had not long been complete; but the presence of 
pulmonary regurgitation may have had some influence. 

Electrocardiographic progress was shown best by R-wave voltage in lead V1. Cases with 
moderate or severe changes before operation have shown improvement while those with initially 
mild cardiographic signs showed little or no change (Fig. 2). 

T-wave changes, as in the case mentioned above, are difficult to interpret. They have not, on 
the whole, improved in parallel with the R wave. It is thought that persistence of T-wave inversion 
may, in some cases, be attributed to post-operative pericardial reaction with associated permanent 
epicardial changes, though in others it may be due to irreversible fibrotic changes in the muscle of 
the right ventricle. There are, of course, cases where the T-wave and R-wave regression occur 
together (Fig. 5, Case 10, Table III). 

Radiologically the lung-fields in all cases have appeared better vascularized. The cardio- 
thoracic ratio (Fig. 6) has diminished in those where it was initially high. An exception was 
Case 7 (Table III), whose cardiothoracic ratio was 54 per cent at operation and 56 per cent seven 
years after operation, despite virtually complete relief of stenosis, probably because of pulmonary 
regurgitation. In another case with pulmonary regurgitation the cardiothoracic ratio has remained 
unchanged (51°) for three years. In a third the ratio has increased from 45 before to 49 per cent 
three years after. In all these cases stenosis has been almost completely relieved. 


Hemodynamic Studies. Changes in right ventricular systolic pressure between operation 
(immediately after valvotomy) and the post-operative cardiac catheterization in these and eight other 
cases in whom the figures were available, are seen in Fig. 7. Of four residual pure valvar gradients 
two were unchanged, one had increased (presumably due to higher flow at the post-operative 
catheterization) and one had remained constant but was now accompanied by an infundibular 
gradient in addition. Where the post-valvotomy gradient was mixed (10 cases) or infundibular 
only (5 cases), the total gradient and thus the right ventricular systolic pressure, has shown a further 
fall since operation. 

Eight of the eleven selected cases showed complete regression of infundibular stenosis despite 
some residual valve stenosis in four (mild in two, moderate in two). Three have shown incomplete 
regression. In two this was associated with moderate residual valve stenosis, one after one year, 
the other after four years (Cases 6 and 1, Table III). In the other (Case 11), twenty-one months 
had elapsed since complete relief of valve stenosis. All three of these cases survived right ventri- 
cular systolic pressures of over 100 mm. Hg following pulmonary valvotomy, one with and two 
without post-operative right ventricular failure. 
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Ir years, | 
graphic, | TABLE III 
PRESSURE AND FLOW DATA IN ELEVEN CASES WITH SECONDARY INFUNDIBULAR STENOSIS 
(grade AFTER PULMONARY VALVOTOMY 
exercise 
itinuing | | Valvar | Infundib. | Resting 
Case Sex Years | R.V. syst.| systolic | systolic | cardiac 
No. and | after | pressure | gradient | gradient | index 
asternal | age op. | (mm. Hg) | (mm. Hg) | (mm. Hg) | (I/min./ 
e to the sq. m.) 
' Opera- M21 | 4 | Preop. catheter .. | 180 1440 | 20 2:3 
(V116)* At operation: before valvotomy ae 140 | 101 30 
on, was | ‘a : after nee ae 113 19 | 62 | 
Postop. catheter id ; = 55 10 | 29 2:9 
id been | | 
vel, re- 2 M13 | 6 | Preop. catheter .. | 140 14 | oO 2-9 
‘elieved (V134) | At operation: before valvotomy - 95 77 0 
h | = : after aetna a 85 28 39 
showed | | Postop. catheter we ast 65 35 8 | 31 
mild is al } | 
4) ma 3 | M19 a | Preop. catheter * 157 145 0 | 3a 
y (V120) | At operation: before valvotomy sis 150 | 128 0 | 
nce of | " : after sssteamaaead os 100 13 | 67 
| Postop. catheter ne — 41 | 0 17 |} 2:9 
ad with 4 Fl14 | 5} | At operation: before valvotomy .. 106 87 0 
nitially (V86) | = : after aceaaed a 83 1] 53 
| Postop. catheter te , -+ | 58 22 7 4:7 
| 
not, on 5 | F7 6 | At operation: before valvotomy .. | 109 28 67s 
version | (V78) | : after ee a | ae 0 77 
nanent | Postop. catheter bas ; pice 42 0 | 18 4-1 
iscle of 6 | M2! 1 | Preop. catheter 1 136 | 3-9 
. occur — At operation: before valvotomy Sa 156 134 0 
: after enteaaied e 163 57 | 83 
; | Postop. "catheter We , MO 97 20 43 2°5 
cardio- | | | 
i on 7 | FI7 | 63 | Preop. catheter .. | 140 128 | 0 | 2-1 
(V69) | At operation: before valvotomy as 85 65 0 
f seven | : after — te 70 12 43 
nonary | | Postop. catheter - ‘e 35 10 0 | 1-8 
nained 8 | M8 | 6 At operation: before valvotomy 115 | 100 0 | 
er Cent (V82) : after reuand * 92 | 40 32 C‘dY 
| Postop. “catheter 3 si 41 | 25 0 6°6 
cation 9 | MIS | 3 | Preop. catheter | 146 | | 
t other _— | At operation: before valvotomy | 183 129 33 | 
idients | pa : after tetas i 7 75 8 42 
2 ' | | Postop. catheter ; | 24 0 4 | 4-4 
erative | | | | 
fibular 10 M12 | 3 __ | Preop. catheter : 123 110 0 | 
‘ibul (V127) | At operation: before valvotomy | 180 164 0 
libular » 9 ~~ after valvotomy ~~) ef 0 | 2% 
urther a : after infund. resect. .. | 80 | Oo | 62 
| | Postop. catheter oe 3 aA | 25 | 0 | 0 | 
lespite 1 Fi2 | 13 | Preop. catheter .| im | 10 | Oo | 37 
mplete — | At operation: before valvotomy an | 166 | 148 0 
. year | : after tena | te 0 96 
Gist. Postop. catheter eee | 49 0 27 | 36 
10nths | | | | | 
ventri- } : 
d two Valvotomy was by the closed transventricular technique except 
in Case 9. Infundibular resection was performed in Case 10 only. 
* V116 and similar numbers refer to the same cases as in the paper by Campbell (1959). 
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Fic. 4.—Electrocardiogram showing diminution, after valvotomy, of R-wave over right ventricle, without 
improvement of T-wave inversion, probably because of the production of pulmonary regurgitation. Case 7. 
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Fic. 5.—Electrocardiogram showing concurrent improvement, after valvotomy, of R-wave voltage and of 
T-wave inversion over the right ventricle. Case 10. 
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Studies on the cardiac output at rest and during exercise in these cases are continuing and will 
be reported. At the present time it can be said that resting cardiac output, which was low or 
low-normal before operation in all cases, has shown no consistent change. Further, the response 
to exercise was still abnormal in more than half of these cases, even when residual stenosis was 
very mild. 

DISCUSSION 


Judged by the criterion of right venticular systolic pressure (Wood, 1956) at pre-operative 
cardiac catheterization there were no mild cases in this group. Of the fifty-five catheterized before 
operation, four were moderate and fifty-one were severe. There has been no lessening in the severity 
of cases offered for surgery over these years, which illustrates the point that relief of pulmonary 
stenosis is still generally recommended only when, by all criteria, it is severe. 

The incidence of secondary infundibular stenosis in this series is rather higher than that reported 
by McGoon and Kirklin (1958). In patients who had undergone transventricular valvotomy they 
found infundibular stenosis, in addition, in 22 per cent of children and in 64 per cent of those aged 
fifteen years or more. The higher incidence (77°) in our open as compared with our closed valvo- 
tomy cases (51°) may reflect a somewhat more complete valvotomy by the open technique. This 
would allow better right ventricular emptying and so favour the appearance of infundibular stenosis 
through closer apposition of the walls of the outflow tract in systole 

In the present series a persistently raised right ventricular systolic pressure exceeding 100 mm. Hg 
after the operation appeared to have prognostic significance. In the post-operative period 
it was associated with a high morbidity and mortality from systemic hypotension and right 
ventricular failure. Regarding the long-term prognosis, three out of eleven cases specifically 
studied to assess regression of infundibular stenosis showed incomplete regression. These were 
the only three in whom the operation had not reduced right ventricular systolic pressure to 100 mm. 
or less. It is of interest that the same pressure was considered critical by Hosier et al. (1956), who 
studied the results of pulmonary valvotomy in 69 children, 17 of whom had cardiac catheterization 
before and after operation. They found that, in patients whose right ventricular systolic pressure 
was reduced below 100 mm., even though it remained above 60 mm., the heart showed a decrease 
in size and thereafter remained constant as the child grew. Thus, over a period of years, the 
cardiothoracic ratio returned to normal. In contrast, in three patients where it remained above 
100 mm. after operation, their hearts and chests grew proportionately, so that cardiac enlargement 
persisted in these cases. Similar observations were made regarding electrocardiographic improve- 
ment in the two groups. 

Thus persistence, after pulmonary valvotomy, of a right ventricular pressure exceeding 100 mm. 
may be suggested as an indication for infundibular resection since both the immediate and the 
remote prognosis appear to be adversely affected. It seems clear, however, that a wide resection is 
necessary for adequate relief of hypertrophic infundibular stenosis and to achieve this ventriculotomy 
is needed. This procedure in itself may well add to the hazards of the post-operative period and it 
remains to be seen at what level of right ventricular hypertension the risk of leaving this unrelieved 
comes to exceed the risk inherent in ventricular incision and muscle resection. 

The finding of an abnormal response of the heart to exercise in more than half of the cases so 
far studied suggests irreversible myocardial damage, presumably resulting from the years of sever 
Stenosis. It is in accordance with the macroscopic and histological finding of diffuse fibrosis of the 
right ventricular myocardium previously reported in such cases (Allanby and Campbell, 1949). 
Wood (1958) has suggested that a right ventricular systolic pressure of 50 or 60 mm. Hg might now 
be taken to indicate valvotomy. Our findings lend support to a plea for operation upon milder 


cases than have hitherto been considered in need of relief and for earlier operation in severe cases. | 


SUMMARY 


Seventy-five cases of pulmonary valvotomy, performed for pulmonary stenosis with closed 
ventricular septum, have been reviewed. 
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Secondary infundibular stenosis, due to right ventricular hypertrophy, was found in 51 per cent 
following closed transventricular valvotomy and in 77 per cent after open valvotomy through the 
pulmonary artery. 

A right ventricular systolic pressure exceeding 100 mm. Hg after valvotomy appeared to affect 
adversely both the immediate post-operative and the long-term prognosis. 

Regression of hypertrophic infundibular stenosis with the passage of time after valvotomy has 
been demonstrated. It appears that this may be incomplete when the right ventricular systolic 
pressure exceeds 100 mm. Hg after valvotomy, but otherwise it is complete. The question of 
infundibular resection is discussed in the light of these findings 

The response to exercise in some of these cases, even after virtually complete relief of stenosis 
was still abnormal. Fuller details of this will be reported later. 


My thanks are due to Sir Russell Brock, whose keen interest in the long-term results of cardiac surgery and special 
interest in this complication of pulmonary valve stenosis prompted this investigation of his cases. 

Many of these patients have been the subject of earlier follow-up reports by Dr. Maurice Campbell and Sir Russell 
Brock and I am grateful to them for allowing me to make this study of a particular aspect of these cases. To them 
and to Dr. Charles Baker I am indebted for continued encouragement and helpful criticism. 

It is a pleasure to acknowledge the untiring and careful help of the technicians of the Cardiac Department and the 
co-operation of the Department of Medical Illustration. 
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Mitral stenosis, though noted in 1669 by John Mayow (1640-79), was more fully described by 
Raymond De Vieussens (1641-1716) who also noticed the character of the pulse (Rolleston, 1928). 
Major (1932) devoted a paper to De Vieussens and his Treatise on the Heart and reproduced, 
together with one engraving, nearly the whole of his lengthy account in his Classic Descriptions of 
Disease. Herrick (1942) in A Short History of Cardiology devotes two pages to his work on mitral 
stenosis and aortic regurgitation. It is possible, nevertheless, that De Vieussens, who devoted so 
much thought to this case, might feel that he has not been fully reported, that after all his conclusions 
have been in part omitted and only the least important of three plates with which he illustrated the 
case reproduced. Herein lies my justification for mentioning him to you, for by a curious chance 
the part of his work omitted has, as a result of operations recently designed to improve the circula- 
tion in the heart, acquired a new significance. 

I have dealt elsewhere in detail with De Vieussens’ life and so will merely remind you that he was 
born in 1641 and died in 1716, barely a year after the death of Louis XIV, whose tragic and splendid 
reign forms the background to the whole of his life. In 1688, three years after the publication 
of his Neurographia, their paths crossed. He was introduced to the King, who settled on him 
an annual pension of 1000 livres, as a reward and as an encouragement to further research. No 
conditions were attached to this award, which compares favourably with the 1500 livres a year paid 
to the very distinguished pensionaries of the newly formed Academie des Sciences. They were 
required to give all their time to the academy, while De Vieussens seems to have been left free to do 
whatever he wished and remained actively engaged in practice until the end of his life. Possibly 
this is why to subsequent anatomists, such as Cole (1921), his experiments have appeared amateurish 
and slipshod in the extreme. On the other hand, work done during the past few years does suggest 
that many anatomists have in the past been unduly conservative in their outlook, and that many 
anastomoses they dismissed as being due to artefact have a very real existence. 

You will recall how, on November 8, 1705, Thomas D’Assis was, at his own request, admitted 
to the hospital of St. Eloi, at Montpellier. This was the time of Blenheim and Ramillies and of the 
loss of Gibraltar and Barcelona, a time of extreme financial stringency, and, despite heavy taxation, 
of government insolvency. D’Assis had come from Paris and, like many of his countrymen, 
was destitute. He was admitted under Deidier, the physician in charge, De Vieussens’ son-in- 
law, and, at his request, De Vieussens, then 64, visited him. ‘I found him,’ he writes, ‘lying 
propped up in bed, his head held high; he seemed to have great difficulty in breathing and his heart 
was troubled by violent palpitation. His pulse appeared very small, feeble and altogether irregular. 
His lips were the colour of lead and his eyes sunken; his legs and thighs were swollen, and cold 
rather than hot.” De Vieussens gave a poor prognosis. He added that the violence of the palpita- 
tion of the heart and the nature of the symptoms associated with it were such as to convince him that 
the malady of this young man was due to an actual change, the nature of which eluded him, in the 
tissues of this organ. 

A week later the patient died and on the following day, November 16, De Vieussens himself 
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opened the body in the presence of his son-in-law and several medical students. On removing the 
sternum they found that the cavity of the chest was filled with a yellowish serous exudate, and that 
the lungs were extraordinarily large and soft, because all of its tissues were soaked in a watery 
lymphatic juice. He then pulled out the heart, with the larger vessels attached to it, from the 
cavity of the chest in order to examine it in detail. Its size was extraordinary, well nigh that of an 





This reproduction of De Vieussens’ Plate XII illustrates the right ventricle and auricle of Thomas D’Assis, from which 
the tricuspid valve has been removed so as to be able to show the common openings normally concealed by it. 


AA The right ventricle opened out. 

FFF The extraordinarily dilated right auricle. One should note that the crypts have become excessively large 
and that the bundles of muscles that bound them (musculi pectinati) have hypertrophied and the mouths 
of the common openings stretched to an extraordinary degree. 

GGGGGG The sinus venarum. 


hhhhh The portion of the same, which in the undissected specimens is united to and part of the posterior part 
of the right auricle in which the common openings marked by nine 1’s have been dilated to an excessive 
degree. 

mm The unduly dilated opening of the superior coronary vein. 

nn The valve of this. 

44 The margins of the mouths of two common openings which act as valves. 


5-10 Different examples of these common openings. 
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ox. The pulmonary veins and all their branches were over-dilated and the cavity of the right ventricle 
and of the right auricle had become excessively large. These features are shown in detail on his 
plate XII, which is here reproduced, together with part of the long explanation attached to it, and 
you will note the care with which the enlarged common openings are, portrayed. 

De Vieussens had devoted great care to the preparation of these plates. The drawings were 
made in Montpellier by Lason in the course of the actual dissections and they were subsequently 
taken by him to Paris to be engraved under his supervision by Simonneau, who was, he tells us, 
one of the foremost engravers of his time. The book was approved for publication in 1709 but did 
not appear until 1715, within one year of his death. It was probably published at his own expense 
and is in a sense his testament, as is clearly implied in the preface, in which he dwells for the last 
time on his contributions to medicine and enumerates his discoveries. The most important of these 
from his point of view would seem to have been the detection of these common openings. We now 
know that there is approximately one capillary to every muscle fibre in the heart. De Vieussens 
thought that this capillary and the muscle fibre were the same thing and refers to them as his “fleshy 
ducts”’ or “‘conduits charneux.” He demonstrated that the blood in the coronary vessels which 
supplies the exterior surface of the heart passes to the coronary veins through an infinite number of 
these fleshy ducts, or as we would say capillaries, and he noted that the branches of the coronary 
vessels, which pass down to the thickness of the walls of the ventricles of the heart and to the parti- 
tion between the two ventricles, were not accompanied by any veins. ‘I concluded, therefore,’ he 
tells us, ‘that the blood they bore must with each contraction of the heart be discharged into the 
ventricles. At that time I was unaware of the particular path taken but, he adds, I looked for this 
with such care that I made my fourth discovery, namely of a large number of conduits in the inner 
surface not only of the ventricles but of the auricles. 1 made my fifth discovery when I found that 
each conduit, which was lined with a very fine and porous membrane, was common to several fleshy 
ducts that led *1to it, hence my name, common openings, and my sixth when I found that in each 
ventricle little folds acted as valves to these openings; stretching as the heart dilated in diastole and 
closing them, shrinking and leaving them open in systole.’ The openings into the auricles were 
without valves but were instead, De Vieussens thought, covered with a very fine and porous mem- 
brane, through which the blood filtered, and here it would seem he spoke as a true Cartesian and 
disciple of de Regis, rather than as an unbiased observer. Indeed this aspect of his discovery looms 
large in his first account written in the form of a letter dated March 29, 1705, and published as a 
small octavo the following year. 

Recent work has fully confirmed De Vieussens’ conception of two modes of venous drainage of 
the heart; the superficial system, which opens into the right auricle and consists of the anterior 
cardiac veins of the coronary sinus, together with associated veins emptying near its mouth, and a 
deeper system of veins which communicates directly with the heart chambers by a series of so-called 
common openings. There is still much confusion as to the effect of systole and diastole on this 
aspect of the coronary circulation and De Vieussens’ view of a valvular control is unconfirmed. 

We are now in a better position to share in De Vieussens’ excitement when he opened the 
right ventricle and noticed that the common openings in this ventricle had become so dilated 
and the membranes that covered them so stretched that they freely allowed the blood to pass. 
The same had occurred in the auricle. When, therefore, he squeezed with his fingers the wall 
of the right ventricle or that of the auricle, blood poured from these holes. ‘There is then,’ he said, 
‘no reason for doubting that these openings are present in the hearts of all men, such as I have 
described.’ 

As he proceeded with the dissection he noted that the vena cava had become grossly dilated and 
that the mouths of two little coronary veins he had described, opening directly into it, had also become 
dilated. The changes in the pulmonary veins and in the left auricle were even greater. At this 
point, you will remember, he noticed that the mouth of the left ventricle appeared very small and 
had an oval oblong shape. In searching for the cause of such a surprising fact, he discovered that 
the mitral valve of this ventricle was really bony: he realised that, as they had become hardened, 
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the cusps had become thickened and rough enough to cause a severe narrowing of the lumen, pre- 
senting a picture such as is shown in the figure usually reproduced. 

Having carefully examined the trunk of the pulmonary vein, he opened the left ventricle and 
noticed once more that the substance of the mitral valve was ossified and that there had been a 
great diminution and indeed change in the natural shape of its lumen. He furthermore noticed 
that the bundles of muscle fibres, which formed the sides of the fossa of this ventricle, were either 
smaller than usual because they did not receive as much blood as they had been accustomed to 
prior to the change in the mitral valve, or not receiving any at all had become pale and taken the 
form of small tendinous ligaments, to all intents and purposes like those of the mitral valve. 

De Vieussens concluded that the opening to the left ventricle having become so very much 
narrowed, and the margin of this opening having lost all its natural suppleness, blood could no 
longer enter as freely and as abundantly as it should have done into the cavity of this ventricle. To 
begin with, the circulation was embarrassed and the blood began to dilate to an extraordinary 
extent the trunk of the pulmonary vein because it stayed there too long and was accumulating 
in excess. But the blood had no sooner begun to stay too long in the trunk of this vessel when it 
delayed the flow of all the vessels of the lungs. As a result the branches of the pulmonary vein and 
artery throughout the tissue of this organ were always engorged with blood and as a result so 
dilated that they compressed to some extent the alveoli, thus preventing air from entering or leaving 
them freely. That was why, he added, he thought the patient always breathed with such difficulty. 
Since the blood had thickened considerably in the lungs as a result of this long stay in the pulmonary 
vessels a part of its serum separated little by little and fell into the cavity of the chest. 

It was possible then, De Vieussens felt, to relate D’Assis’ symptoms to these pathological 
findings. ‘I have,’ he wrote, ‘mentioned that to begin with the circulation of the blood was embar- 
rassed by the excessive narrowing of the opening into the left ventricle and began, therefore, to be 
held up in the trunk of the pulmonary vein, so delaying the flow of the blood in all the vessels of the 
lungs. But, I should have gone further, for at the same time it impeded the constant flow 
of blood from the vena cava, the coronary veins and innominate veins to the right auricle and 
ventricle. That is why that portion of the vena cava in which this, and the other vessels I have 
mentioned, terminate was always engorged with blood. As a result, it was unduly dilated, both 
because of the excessive quantity of the blood and because of the blood’s pulsation, and this so 
augmented its elastic force that it obliged it to contract with considerable violence. Therefore,’ he 
adds, for he felt that the heart beat was initiated by the distension of this part of the vena cava, ‘one 
must not be surprised that Thomas D’Assis was troubled by a violent palpitation of the heart 
during the course of the malady from which he died. On the other hand, the small volume and 
feeble quality and irregularity of his pulse arose from the too small quantity of blood that the left 
ventricle furnished to the aorta and from the little force with which the ventricle pushed it into 
the cavity of this artery and from the irregularity of its contractions. With regard to the leaden 
colour of the lips and the lack of lustre in the eyes, the swelling of the legs and thighs, and the 
diminution in their natural heat, I would say,’ he concludes, ‘that all these symptoms are the result 
of the same cause, namely an upset in the circulation of the blood and its constituents, as will be 
easily understood by anyone who has some knowledge of the economy of the human body.’ 

I do not wish to-day to dwell upon the skill with which De Vieussens related his pathological 
findings to the clinical picture presented by his patient. I am concerned rather with the significance 
of his finding that the so-called common openings are grossly dilated in this condition. So far as I 
am aware, no one has actually confirmed these findings but, if I may be guided by my own limited 
experience, this is an accurate observation, and I believe that the very remarkable changes that may 
take place in the pressure in the right auricle and ventricle, as well as the left auricle, are calculated 
to bring about the changes he has described. So gross a venous engorgement of the heart is not 
easily reproduced experimentally but the operation recently devised by Fauteux (1946) which 
involves ligation of the great cardiac vein, is calculated to produce such an effect. Furthermore, if 
we believe that this third circulation described by De Vieussens is controlled by a valvular system, 
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such as he thought he had detected, which was in this case rendered nugatory by the distension of | 
the common openings, then there are grounds for thinking that the operation devised by Beck (1948) 
is more likely to produce the sort of changes that had been noticed in the heart of Thomas D’ Assis, 
This operation involves placing a free vein graft between the aorta and the coronary sinus or a 
direct anastomosis between these two structures. The second stage of this operation is done two 
or three weeks later and consists of partial occlusion of the coronary sinus as it enters the right 
auricle. This partial occlusion raises the pressure of blood in the sinus and produces retrograde 
flow. 

Now, as you are weil aware, both these operations are designed to relieve or rather correct 
cardiac infarction and it may at this stage occur to many of you that cardiac infarction is a 
remarkably rare complication of mitral stenosis. I think it is probable, therefore, that De Vieussens’ 
description of his findings in the case of Thomas D’Assis has never really been appreciated at its 
true worth, for not only did he describe changes in the systemic and pulmonary circulation arising 
from the presence of this mitral stenosis, but also described and illustrated with great care the 
changes that may take place in these vessels within the heart itself, which he was the first to discover. 


REFERENCES 


Beck, C. S. (1948). Ann. Surg., 128, 854. 

Fauteux, M. (1946). Amer. Heart J., 31, 260. 

Cole, F. J. (1921). The History of Anatomical Injections. Studies in the History and Method of Science. Ed. Charles 
Singer. Oxford. Vol. II. pp. 285-343. 

Herrick, J. B. (1942). A Short History of Cardiology. C.C. Thomas, Springfield and Baltimore. 

Kellett, C. E. (1942). Ann. Med. Hist., New York, 3rd Series, 4, 31. 

Lower, R. (1669). Early Science in Oxford. T. Gunther. Vol. IX. De Corde, by Richard Lower. Translated 
by K. J. Franklin. Oxford, 1932. 

Major, R. H. (1932). Ann. Med. Hist., New York, N.S. 4, 147. 

Mayow, J. (1674). Medico-Physical Works. Alembic Club Reprints No. 17, Edinburgh, 1907. 

Rolleston, H. (1928). The Harveian Oration. Cambridge University Press. 

De Vieussens, R. (1706). Nouvelles Découvertes sur le Coeur. Laurent d’Houry, Paris. 

—— (1715). Traité Nouveau de la Structure et des Causes du Mouvement naturel du Coeur. pp. 102-106, Toulouse. 

—— (1774). Histoire des Maladies Internes. Vol. 2, pp. 177-180, Toulouse. 











nsion of 
k (1948) 


D’ Assis. 
1us or a 
one two 
he right 
trograde 


’ correct 
ion isa 
eussens’ 
ed at its 
n arising 
care the 
liscover. 


1. Charles 


rranslated 


‘oulouse. 











THE ELECTROCARDIOGRAM OF ALCOHOLIC CARDIOMYOPATHY 


BY 


WILLIAM EVANS 
From the Cardiac Department of the London Hospital 


Received December 1, 1958 


The harmful effects of excessive alcohol consumption on the liver have long been recognized. 
A corresponding injury to the heart has not received the same attention except as part of the 
syndrome of beriberi attributable to thiamine deficiency. Not infrequently, however, when some 
form of heart disease is suspected on account of symptoms like breathlessness, palpitation, or chest 
pain, and when signs elicited from examination of the heart are equivocal, the true diagnosis may 
go undiscovered, especially if coronary arterial disease is too readily imputed as the cause of electro- 
cardiographic changes that may be present. In such instances, information about the quantity 
of alcohol consumed is seldom sought, and addiction to it is not rigorously canvassed. 

It should be known that when the ill-effects of alcohol on the myocardium are slight, withdrawal 
of alcohol can halt the pathological process, but should these earlier injurious effects go unheeded 
through some years, the resulting cardiomyopathy will no longer subside following such abstinence. 
It is for this reason that early myocardial damage from alcoholism is so important to detect, and it 
is the purpose of this paper to describe changes in the electrocardiogram that will facilitate this 
readier recognition. 


HOw THE PATIENTS WERE ASSEMBLED 


The first patient in this series attended at the request of his family doctor on account of breath- 
lessness and with a history of alcoholism over many years. His electrocardiogram presented a 
change that had not been noticed hitherto in healthy adults nor in patients with coronary arterial 
disease. The remaining 19 patients were assembled because of their bizarre symptoms and signs 
associated with characteristic electrocardiographic changes, and before a history of alcoholism was 
obtained. Indeed, in two cases where changes in the cardiogram by itself appeared to warrant the 
view that they had resulted from alcoholism, both patients denied habitual spirit drinking until 
inquiry of spouse and family doctor had confirmed such addiction through many years. 


THE ELECTROCARDIOGRAM 


In 17 of the 20 patients the tracing showed changes that were confined to the T wave and 
followed characteristic designs. In the remaining three, the injurious effects of alcohol on the 
heart were suspected from finding extrasystoles of a certain order alongside other clinical signs that 
themselves supported the diagnosis. Thus, the cardiographic deformities have been allocated to 
two groups for the purpose of description, namely those that seemed by themselves distinctive, 
and those where the changes, although not entirely specific, suggested alcoholism as the cause. 

Distinctive Changes. A deformity in the T wave that affected the electrocardiogram in 17 
patients assumed one of three designs. 
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The Dimple T Wave. In this cardiogram, which was obtained in eight patients, the T appeared 
as a shallow and narrow dimple that interrupted the otherwise iso-electric S-U segment (Fig. | 
and 2). The deformity occurred in leads I and CR7 or CR4, and was by itself the only obvious 
fault in the tracing, except for a blunt T wave in CR4 in Case 1, a cloven T in CR4 in Case 2, and 
a deep and more orthodox inversion of the T in CR4in Cases 7 and 8, although in these two instances 
also, the wave was narrow at its base. 





Fic. 1.—Dimple T waves in leads I and CR7 in Case 1, in leads II, III, CR4, and CR7 in Case 2, in leads I, II, 
and CR7 in Case 3, in lead CR4 in Case 4, in lead I in Case 5, and in leads I and CR7 in Cases 6 and 7. 


This dimple T wave deformity, first described by Evans (1954) as a characteristic finding in the 
electrocardiogram of adult patients addicted to alcoholism, has also appeared sometimes in healthy 
youths under the age of 20 following a meal and disappearing after an overnight fast (Sears and 
Manning, 1958). This post-prandial electrocardiographic change, however, is not found as a 
lasting deformity in the tracing from an adult. Should a myocardial injury from coronary arterial 
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disease be confined to a small area it is conceivable 
that a deformity resembling a dimple T could result, 
but in patients suffering from cardiac pain, the cardio- 
gram has not, in my experience, resembled the one 
described here for alcoholic cardiomyopathy, in that the 
chest leads show the more obvious changes character- 
istic of cardiac infarction. 

The Cloven T Wave. In seven patients the T wave 
was low and showed a cleft at its summit. This 
deformity was usually seen in leads CR4 and CR7, 
while the T was low in lead I as well. In some other 
leads the T was blunt. In four cases the rhythm was 
normal (Fig. 3), and in two auricular fibrillation was 
present (Fig. 4): the arrhythmia did not disturb this 
electrocardiographic sign in Case 13, but it is usually 
partly or wholly annulled by S-T depression following 
digitalis therapy as in Case 14. In a seventh case the 
characteristic deformity was obscured during periods 
of transient bundle-branch block (Fig. 5). 

In children a cloven T may be present in chest leads 
— to the left of the sternum, but in this event it is a rem- 

or deeper inversion of T in CR4 which nant of the inversion that characterises the T wave 
is characteristically narrow. over the right chest. 

Although graphically the cloven T would appear to 
be an earlier change than the dimple variety, the addition of auricular fibrillation or bundle-branch 
block, as happened in Cases 13, 14 and 15, suggests that the severity of the lesion, small as it 
doubtless is at the time these deformities occur, cannot be judged on this premise. 

The Spinous T Wave. Benchimol and Schlesinger (1953) mentioned the presence of tall peaked 
T waves in patients with beriberi heart disease, but it is known that such T waves may appear 
occasionally in healthy subjects or during the early stages of cardiac infarction in some patients. 
The kind of deformity described here, which was met in two patients, differs from such peaked 
T waves in that the T is not necessarily tall, has a narrower base of from 0-10 to 0-15 second, and 
shows in spite of its subdued height, a pointed or spinous summit (Fig. 6). So far, this peculiar 
change in the T has not been seen in a myocardial injury from coronary arterial disease, while its 
presence in the two patients reported here, first suggested a diagnosis of alcoholic cardiomyopathy 
which was subsequently supported by certain clinical signs, and later by an admission of excessive 
alcohol consumption through many years. 

The Blunt T Wave. Apart from the deformities of the T wave already described, its blunting 
was noticed as an associated sign in three cases. The same change in leads over the right ventricle 
is not infrequently met with in some healthy children. Its presence in leads over the left ventricle 
on the other hand was regarded by Evans and McRae (1952) as indicative of a limited cardiac 
infarction in those with cardiac pain. The present study suggests that the appearance of a blunt 
T wave in left ventricular leads in a patient without chest pain points to alcoholic cardiomyopathy, 
although a diagnosis of painless and limited cardiac infarction cannot be altogether excluded. In 
the cases reported here, however, it was never a lone cardiographic sign, but was associated with 
either a dimple or cloven T in some other lead. 





Less SPECIFIC CHANGES 


Auricular Fibrillation. In two patients (Cases 13 and 14) the usual causes of this arrhythmia 
were absent. In this circumstance it has almost become custom to assume that coronary arterial 
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Fic. 3.—Cloven T wave in leads CR4 and CR7 in Cases 9 and 10, in lead CR4 in 
Case 11, and in lead II with blunting of T in CR4 in Case 12. 


disease provides the cause, while the absence in the electrocardiogram of frank T wave inversion 
has been explained by the interference by the fibrillation waves. The investigation has emphasized 
the need to seek first the history of alcoholism before naming coronary arterial disease as the cause 
of fibrillation in a patient in whom the usual causes of the arrhythmia are absent. Before com- 
mencing digitalis medication in such cases, the distinctive T wave changes of alcoholic cardiomyo- 
pathy will help to substantiate the diagnosis, as happened in Case 13. 
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Fic. 4.—Cloven T wave in lead CR4 in Case 13 with auricular fibrillation. 
S-T depression from digitalis medication has obscured any specific T wave 
deformity, apart from lead III, in Case 14, which also shows auricular fibrillation 
and right bundle-branch block. 


Extrasystoles. Extrasystoles, if frequent, if arising from several foci, and if occurring in 


wee association with moderate tachycardia, should always arouse suspicion that excessive alcohol con- 
cause | sumption has been the cause. Extrasystoles occurred in 9 of the 20 patients and in seven of 
panes these they were found alongside a moderate tachycardia of 90 to 95 beats a minute. In six patients, 
smyo- characteristic T wave changes appeared in addition to extrasystoles, which had not been regarded 


by themselves as unequivocally confirming the diagnosis of alcoholic cardiomyopathy, so that 
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Fic. 5.—Cloven T wave in lead CR4 when Fic. 6.—Spinous T waves in leads I and 
in normal rhythm (A), obscured by left CR4 in Case 16, and in leads II and 
bundle-branch block in (B). Case 15. CRI in Case 17. 


characteristic extrasystoles as a single cardiographic sign served to help the recognition of the 
condition in three cases (Fig. 7 and 8). 

Paroxysmal Tachycardia. Auricular tachycardia was present in two patients and in one 
(Case 19) it was of the repetitive kind. In both, alcoholic cardiomyopathy was suspected from the 
peculiar changes in the T wave, and in one a cloven T was found in an auricular extrasystole 
(Fig. 7). 

Transient Bundle-Branch Block. This abnormal cardiogram, either in association with auricular 
fibrillation (Case 14) or with sinus rhythm (Case 15) may indicate a more active phase of the illness, 
for in the second patient a refusal to abstain from over-indulgence in alcohol led to his demise 
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Fic. 7.—Miultiple extrasystoles in Case 19. Cloven T wave Fic. 8.—Multiple extrasystoles in Case 20 with S-T 
in auricular extrasystole in lead I. depression in leads I and CR7. 


twelve months later from heart failure. In the first patient too there was much enlargement of the 
left ventricle and cerebral embolism had taken place following intracardiac thrombosis. Once 
bundle-branch block becomes established it is likely that heart failure is also present, in company 
with considerable cardiac enlargement: then both abstinence from alcohol and the addition of 
remedies intended to combat heart failure are unlikely to ameliorate the condition. Digitalis had 
deformed the T wave in one, but in the other a cloven T was the only abnormal feature of the 
cardiogram recorded during sinus rhythm (Fig. 5). 

Depression of the S-T Segment. When cardiac enlargement had assumed moderate propor- 
tions and heart failure had set in, with pulmonary congestion showing on radiological examination, 
as instanced by Cases 18 and 20, the S-T segment was depressed in leads I and CR7. In both 
patients alcoholic cardiomyopathy was suspected on the grounds of frequent extrasystoles in the 
presence of moderate tachycardia and not on the presence of non-specific S-T depression which 
would have obscured any distinctive T wave changes had they been there, and especially when 
digitalis therapy had been added to combat the heart failure. 


THE ELECTROCARDIOGRAM IN PREVIOUSLY REPORTED CASES OF BERIBERI 


There is much confusion regarding the electrocardiogram in patients with beriberi and in the 
past it has been variously reported as being normal or abnormal. 

Scott and Herrmann (1928) found no abnormality in the tracing from four patients with beri- 
beri drawn from the rice-eating community of Louisiana. Wenckebach (1928) and Aalsmeer and 
Wenckebach (1929) stated that the electrocardiogram in beriberi was normal even in the worse 
instances of heart failure, and that it remained normal during the whole course of the illness. 
Keefer (1930), reporting 15 Chinese patients with heart failure from non-alcoholic beriberi, also 
stated that the electrocardiogram did not deviate from the normal, but one similar patient in Tokyo 
described by Hashimoto (1937) showed inversion of the T wave. 
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Weiss and Wilkins (1937), who wrote about dysfunction of the cardiovascular system from 
Vitamin B, deficiency in beriberi in patients who were heavy consumers of alcohol, found the 
electrocardiogram abnormal in 93 per cent of their 67 cases: in 62 of them there was a change in 
the direction of the T wave, and premature beats were present in 19. Jolliffe and Goodhart (1938) 
reported T wave changes in four patients who were addicted to alcohol and had beriberi. Dustin 
et al. (1939), writing on the cardiogram in Vitamin B, deficiency, described changes in the T wave 
in each of six cases, but stated that, as such changes occurred in many other conditions, it was 
necessary for their interpretation that the clinical findings should be known. Benchimol and 
Schlesinger (1953) published the findings in 22 alcoholic subjects with beriberi heart disease col- 
lected during three years: the electrocardiogram was normal in only two of them, the T wave 
being inverted in three and abnormal in four others with left ventricular preponderance, and in 
one with left bundle-branch block: they stressed that all save one showed a normal heart rhythm. 
Eliaser and Giansiracusa (1956) found changes in the electrocardiogram in 57 per cent of their 94 
patients who gave a history of alcoholism. 

An important contribution to the subject of the electrocardiogram in beriberi heart disease has 
been made recently by Schrire (1958) from a study of 50 patients. The most significant feature 
was a normal tracing when the heart failure was at its worst, and T wave inversion when failure 
symptoms were receding following treatment with thiamine. This change was so fleeting that it 
varied from day to day, and on occasion from ventricle to ventricle, so that it required daily electro- 
cardiography for its detection. In eight of his patients the tracing remained normal throughout 
the illness. 


THE CAUSE OF THE FAULTY ELECTROCARDIOGRAM 


The pathological changes in the heart from excessive alcoholism are not always uniform. As 
far back as 1873 Walshe described what he regarded as a rare affection of the heart that he had 
observed in subjects of chronic alcoholism. It consisted of a localized cirrhosis occurring in limited 
areas of islets in the ventricular walls or columne carnee; he opined that it was not chronic myocar- 
ditis. The infiltrated material was sometimes structureless, sometimes obscurely fibroid, and it 
might undergo fatty metamorphosis. He added that such cirrhotic state of the heart’s texture 
occurred independently of any perverted state of its circulation. Subsequent writers, particularly 
Weiss and Wilkins (1937), have described the changes in the myocardium as a hydropic degenera- 
tion of muscle and conducting fibres, with an increase in the intercellular substances, and without 
alteration of its water content. They stated that the weight of the heart might be normal, although 
subsequent writers, e.g. Benchimol and Schlesinger (1953), have reported hypertrophy and dilatation 
of both left and right ventricles. In the two patients belonging to this series who died, necropsy 
was not obtained. The narrowness of the deformed T wave in the electrocardiogram, always in 
the absence of significant Q waves and depression of the S-T segment, suggests that in this early 
phase of alcoholic cardiomyopathy, the myocardial injury, whatever its exact nature, is confined to 
limited units of muscle fibres, and is capable of complete resolution and recovery once the damaging 
agent, namely spirit-drinking, is removed, without leaving behind it any residual fibrotic changes. 
Naturally, a continuation of alcoholic addiction can produce lasting changes in the electrocardio- 
gram in the form of S-T depression and established bundle-branch block associated with fibrotic 
areas in a hypertrophied myocardium. 

The pathogenesis of alcoholic affection of the heart is customarily linked up with thiamine 
deficiency, giving rise to the beriberi syndrome, as happens in the oriental when polished rice 
forms the staple article of diet. Alcohol, a food substance supplying the body with a surfeit of 
calories but with a minimum quantity of Vitamin B,, provides the soil for the development of a 
like syndrome in the occident. 

In the case of alcoholic ‘“‘myocardosis’’, however, Eliaser and Giansiracusa (1956) believe that the 
condition is not entirely related to vitamin deficiency, but that it is the outcome of a toxic action 
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on the heart muscle. These authors actually incriminate the cumulative effects of ethanol on the 
heart muscle, and as the toxic effect of alcohol increases in the presence of impaired liver function, 
they considered this to be an important factor in the production of changes in several other organs 
including the heart. 


THE INCIDENCE OF ALCOHOLIC HEART DISEASE 


Through many years there has been mention of the effects of alcohol on the heart. In 1892 
Sansom wrote that alcoholic intemperance may combine with over-indulgence in the pleasures of 
the table to produce baneful effects upon the heart and vessels. Steell (1906) spoke of the capricious 
distribution of dropsy in cases of cardiac muscle-failure of beer drinkers and of the disease known 
as beriberi. Mackenzie (1908) held that there could be little doubt that dilatation of the heart and 
weakness of its muscle leading to heart failure resulted from arsenic which contaminated beer or 
from arsenic combined with beer, for such cases were not seen when such contamination ceased. 
In more recent years the readier recognition of cardiac effects of alcoholism has been frustrated 
by the belief that its clinical manifestations are akin to oriental beriberi. Admittedly, they can be, 
but they are not exclusively so, and Weiss and Wilkins (1937) emphasized that the occidental kind 
of beriberi differed from the oriental kind in that it presented with signs of left ventricular affection. 
Brigden (1957) brought into prominence a group of patients in whom heart failure results from 
non-coronary disease of the myocardium, and included among his cases were 13 with alcoholic 
cardiomyopathy, a condition that he emphasized was still not widely accepted. 

There appear to be three reasons why its recognition in the past has gone unheeded. First, 
there has been a demand for the presence of criteria that indicate a so-called high output or hyper- 
kinetic heart failure before a diagnosis of alcoholic affection of the heart is warranted. Secondly, 
a history of excessive alcohol has not been obtained. The patient rarely volunteers the information, 
nor does he admit such over-indulgence in response to casual inquiry. The information is usually 
gained after rigorous questioning, and sometimes the truth is only obtained at an interview with 
the spouse or the family doctor. Thirdly, the finding of an enlarged left ventricle, coupled with 
some abnormality in the electrocardiogram, and in the absence of hypertension or valvular heart 
disease, has been regarded too often as indicating coronary arterial disease even in the absence of 
cardiac pain. 


THE CLINICAL FEATURES 


The assembling of the 20 cases reported here during a relatively short period in private practice, 
has emphasized that injurious effects on the heart from habitual spirit drinking are not uncommon 
in this country. The investigation has also emphasized the stealthy onset of such injurious effects, 
for at the start the symptoms are light and bizarre and only become obvious when the myocardium 
has been more severely affected. Moreover, it has been shown that abstinence from alcohol 
early in the illness can halt the myocardial damage (Fig. 9); but should the condition go undis- 
covered, and this is a common happening, or should it go unheeded by the patient, the illness 
reaches a stage where treatment is of no avail, for the changes in the heart muscle have then become 
irreparable. 

All 20 patients were men. Their ages varied from 39 to 74 and the average was 55 years. They 
followed diverse occupations, but the majority held executive positions. Few pursued any energetic 
recreation, but many played at golf; none excelled at the game, but all shared actively in the 
amenities offered at the club house. 

Breathlessness was the commonest symptom and was present in ten, being severe in four. Chest 
pain, which occurred in six, did not once resemble cardiac pain in regard to its site, character, or 
response to either exercise or rest. Often, however, it was a presenting symptom and it gained in 
importance when a subsequent cardiogram showed changes in the T wave that too often led to 
an acceptance of a cardiac source for the pain. Palpitation was a prominent symptom in five 











Fic. 


9.—Cloven T in leads CR4 and CR7, 
and blunt T in I (A), changes that 
are absent from (B) recorded after a 
period of abstinence from alcohol. 
Case 9. 
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and two of these had paroxysmal tachycardia. Two were 
liable to gout, and three mentioned profuse sweating. 
In none was there neuritic pain. Four gave a history of 
pneumonitis in the past. The symptomatology, there- 
fore, was seldom impressive, and the patient had been 
referred by the family doctor for examination, either to 
explain the patient’s unfitness in the absence of obvious 
physical signs, or to account for certain abnormal signs 
observed on clinical examination. Either at this stage or 
later, and especially subsequent to electrocardiography, 
a history of alcoholism was sought. All 20 patients 
were “heavy drinkers.”” Although information as to 
precise quantities was difficult to obtain, even following 
close questioning, the usual consumption was more than 
“half a bottle” of spirits a day, either in the form of gin or 
whisky, for periods varying from 4 to 20 years. Four- 
teen drank spirits only, and six took beer as well, one only 
partaking of more beer than spirits. The extent to which, 
they smoked caused surprise. Thus, only one smoked 
excessively, eight smoked moderately, six smoked lightly 
and five not at all. 

On clinical examination they were mostly, though not 
invariably, of a robust build. They were all we//-nourished, 
14 were overweight, and four especially so. The pulse was 
often rapid and the association of this with extrasystoles 
has been more fully described in connection with the electro- 
cardiogram. In six the pulse-pressure was increased from 
a slight or moderate rise of the systolic blood pressure, and 
on this account a diagnosis of hypertension had been sug- 
gested in three. An increase in the venous pulse was notice- 
able in three. Triple heart rhythm was heard in four, from 
addition of the third heart sound in two and the auricular 
sound in two. None had heart murmurs. The /iver was 
considered to be enlarged in five, but none had ascites. 
(Edema occurred in the two patients who died and in one 
other. 

The electrocardiogram is separately described. At 
cardioscopy the left ventricle was found to be moderately 
enlarged in nine and considerably enlarged in one. Pul- 
monary congestion was present in five (see Table I). 


CLASSIFICATION OF ALCOHOLIC HEART DISEASE 
From the foregoing analysis of symptoms in 20 patients, from a study of the literature, and 


having in mind the need to facilitate the earlier diagnosis of the condition, it seems expedient to 
assign patients with alcoholic heart disease into two main groups, namely those with alcoholic 
cardiomyopathy, and those with complicated cardiomyopathy. 

Thus, in alcoholic cardiomyopathy the patients are usually well-nourished and frequently obese. 
Their symptoms are of a light character at the start and they include breathlessness on exertion, 
pain in the chest that does not resemble cardiac pain, and palpitation. 
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THE ELECTROCARDIOGRAM OF ALCOHOLIC CARDIOM YOPATHY 


TABLE I 
PREMIER FINDINGS IN 20 PATIENTS WITH ALCOHOLIC CARDIOMYOPATHY 
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Cardioscopy 


| | 
Case |Age| Nutrition Symptoms Heart Heart | Raised | Triple | Liver |GEdema| Left Hilar | Electro- 








number rate rhythm venous| rhythm! en- | ven- |conges-| cardiogram 
| Pres- | | large- tricle | tion 
sure ment en- 
| | | larged | 
-— 49 Stout f Breathlessness 100 Natural _ |} O e | x 0 aa O- 2 | Dimple »T wave 
“ Breathlessness | | Extrasystoles 
2 | 64! Stout 4 Cher gute 85 | Extrasystoles 0 0 | 0 0 0 0 {| Diet nave 
2 56 | Natural Tiredness m4 75 Natural + 0 0 0 0 0 | Dimple T wave 
\.| Breathlessness 
J | Tiredness 100 Natural 0 eo | @ 0 0 0 | | Dim le T wave 
4 60 | Natural + | Chest pain | | P 
Palpitation elas : Extrasystoles 
5 60 | Stout Sleoplesmness 74 | Extrasystoles 0 Rael Ske = ee os + {| Dimple Bt 
6 51 | Very Chest pain 85 Natural 0 0 0 0 0 0 | Dimple T wave 
stout | 
7 54 | Stout Palpitation 95 Extrasystoles 0 + + 0 0 tate 4 ell 
8 48 | Very Breathlessness 76 Natural 0 0 Oo | + o Dimple T wave 
' stout 
9 53 | Stout Giddiness 72 Natural 0 0 0 0 0 0 Cloven T wave 
eer | { | Extrasystoles ea: : 
10 43 | Stout { ——— 955 Paroxysmal 0 0 | 0 0 0 0 we 7 : 
P é tachycardia salen diet 
il 61 | Natural Chest pain 70 Natural 0 0 0 0 0 0 Cloven T wave 
2 53 | Natural Breathlessness 72 Natural 0 0 0 | Oo 0 0 | Cloven T wave 
13 45 | Stout Breathlessness Auricular | (| Auricular 
? seit ie Tiredness 100 fibrillation 0 0 0 + - + fibrillation 
{| Cloven T wave 
14 60 | Stout { Breathlessness Auricular (| Auricular 
i Sweating 110 fibrillation 0 0 eS } 0 oo 0 fibrillation 
| Cloven T wave 
(| Transient bundle- 
15 39 | Natural Breathlessness 100 | Natural + + + + 0 + | branch block 
\| Cloven T wave 
16 58 Natural Gout 73 Natural 0 0 0 0 a 0 | Spinous T wave 
17 74 | Stout { oo Sone sega 70 Extrasystoles 0 0 0 0 0 Spinous T wave 
> Very Chest pain > — . | Extrasystoles 
18 61 | ‘stout { Gout 120 | Extrasystoles Oo ae oe ae a + | $-T depression 
aa eae ( | Extrasystoles | | Multiple 
19 58 — { ae 74, | Paroxysmal 7 © + 0 0 0 extrasystoles 
’ ; tachycardia | | 
. Breathlessness | | Extrasystoles 
2 5 c ~ asy : | | : 
20 53 | Stout { Chest pain 110 Extrasystoles + | + i + + + {| S-T depression 





Cases 14 and 19 died. 


Clinical examination may discover an arrhythmia, commonly due to extrasystoles which are 
often multiple, arising from several foci, and occurring in the presence of a moderate tachycardia, or 
sometimes due to auricular fibrillation. Triple heart rhythm may be heard in the later stage. 
A slight or greater degree of left ventricular enlargement may be found at cardioscopy, and later 
in the illness pulmonary congestion is added. 

Distinctive signs are present in the electrocardiogram and it is these that clinch the diagnosis, 
and prompt a relentless questioning concerning the daily consumption of spirits through many 
years, unless the patient readily admits this habit. 

Should the condition be recognized early on, abstinence from spirit-drinking will ensure a 
successful emergence from the illness, but should addiction to alcohol continue, as was the case in 
2 of the 20 patients reported here, the illness progresses into its intractable form. 

In complicated alcoholic cardiomyopathy vascular effects are added to the cardiac. There may be 
great breathlessness with cedema of the ankles, even amounting to generalized anasarca with ascites. 
The peripheral pulses are bounding in character with a raised pulse pressure and a warm skin as in 
high output cardiac failure. The heart rate is rapid and usually normal rhythm is maintained. 
The circulation time is increased. The venous pressure is raised and triple heart rhythm is common. 
On radiological examination there is usually considerable generalized enlargement of the heart to 
be seen which may be accompanied by hilar congestion. The electrocardiogram often shows right 
bundle-branch block. In the absence of this conduction defect the tracing at times, even when the 
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heart is greatly enlarged, may be normal, and inversion of the T wave is a fugitive change in this 
beriberi type of heart failure. 

Added to these several signs may be others due to the injurious effects of alcohol on other 
systems, such as cirrhosis of the liver, gout, or peripheral neuritis. 


CONCLUSIONS 

In 20 consecutive patients with alcoholic cardiomyopathy, abnormalities in the electrocardiogram 
were considered to be distinctive in 17, and although not so specific in the remaining 3, they 
suggested the diagnosis in these patients also. 

The distinctive electrocardiographic deformities were limited to the T wave which was a 
depressed dimple in eight patients, upright and cloven in seven, and spinous in two. Whenever 
the T wave in chest leads was obviously inverted, as happened in two patients, the narrowness of 
the wave remained as a characteristic feature, and differed from the changes usually met in cardiac 
infarction. 

In three patients the presence of extrasystoles suggested the diagnosis in that they were multiple, 
arose from different foci, or were associated with moderate tachycardia. Extrasystoles were 
also present in company with the distinctive signs in six other patients. Auricular fibrillation was 
found in two patients, and paroxysmal auricular tachycardia in another two. 

Bundle-branch block, present in two patients, and depression of the S-T segment in two, were 
regarded as sinister signs, for they occurred in the presence of enlargement of the heart with failure, 
Two patients exhibiting such cardiographic signs died. With these exceptions, abstinence from 
alcohol, together with digitalization in the two patients with fibrillation, sufficed to return the 
patient to health, and without the addition of thiamine therapy. 

This investigation has brought proof that addiction to habitual and excessive spirit-drinking is 
prevalent, and that its injurious effects on the heart often go unrecognized. Moreover, it has shown 
that the early diagnosis of alcoholic cardiomyopathy is most rewarding, for abstinence from spirit- 
drinking before it has progressed to the more serious phase of complicated alcoholic myocardosis, 
will enable the patient to regain his customary health. Familiarity with the electrocardiographic 
abnormalities identified with alcoholic cardiomyopathy will help to attain this desirable objective. 
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MOVEMENT AND SOUNDS 


BY 


PATRICK MOUNSEY 


From the Cardiac Department of the London Hospital 


Received November 29, 1958 


In a previous paper (Mounsey, 1957), a method of recording precordial pulsations was described. 
The purpose of this paper is to show how the simultaneous recording of precordial pulsations and 
heart sounds can help in diagnosis, especially by enabling a clearer picture to be formed of the 
cardiac movements as observed at thoracotomy. 

The original name proposed for the method was precordial ballistocardiography, but in view 
of the different use of the word in conventional ballistocardiography, it seemed preferable to alter 
the name to the precordial acceleration cardiogram, which describes both the nature and site of 
the pulsations. 

Although it was hoped at first that the acceleration cardiogram might help to distinguish between 
right and left ventricular hypertrophy, ventricular systolic pulsations have so far proved difficult 
to analyse in the record. This is perhaps in part due to the fact that much of the cardiac work 
during systole is expended in pressure rather than movement, and in part due to the nature of the 
precordial movement, which is heaving and lifting in the presence of hypertrophy and hence difficult 
to investigate in a record of acceleration. Diastolic precordial pulsations, however, have lent 
themselves well to analysis by this method and in this paper the relationship will be discussed 
between these pulsations, the diastolic heart sounds, and the underlying abnormal cardiac move- 
ments, when these were witnessed at thoracotomy. 


THE INVESTIGATION DESCRIBED 


The accelerometer used for the recording was that described by Elliott et a/. (1954). The 
original method of attaching the accelerometer to the chest wall by a rubber strap was retained 
(Mounsey, 1957). The instrument itself, however, was mounted on a light aluminium arm, moving 
on a relatively frictionless pivot, thereby eliminating all movement of the accelerometer, other than 
that in its long axis (Harrison, 1957). In this way a more faithful record of movement in an axis 
at right angles to the body surface was obtained and minor inaccuracies introduced by rocking or 
side to side movement of the accelerometer were avoided (Fig. 1). 

The two areas selected for recording were the apex beat and the lower sternum, about the level 
of the fourth intercostal space. The subject lay resting on a steady couch, which was covered with 
a firm mattress, with the upper part of the body raised to an angle of 35°. Records were made on 
a Sanborn Twin-Viso recorder, the output of the accelerometer being fed into the electrocardio- 
graph amplifier. Standardization of the acceleration cardiogram was varied as required in indi- 
vidual records to give a convenient size, although most records were made with roughly the same 
amplification. Where the chest was thin, however, or the pulsations very large, great reduction 
in amplification was sometimes necessary. Any attempt at absolute standardization of the record 
was impracticable. 
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Fic. 1.*—Precordial acceleration cardiograph. The rubber band, securing it to 
the chest wall, is not shown. 


A simultaneous phonocardiogram was recorded with the acceleration cardiogram from identical 
areas, by placing the accelerometer pick-up on top of the phonocardiograph microphone and 
strapping it lightly, but firmly, to the chest with an encircling rubber band. The placing of the 
4 cm. diameter phonocardiograph microphone between the chest wall and the accelerometer pick- 
up did not alter the form of the acceleration record obtained, apart from diminishing slightly its 
voltage. A medium frequency filter was used to record the phonocardiogram. In addition, an 
electrocardiogram, usually lead II, was recorded simultaneously with the acceleration cardiogram. 

Over 300 precordial acceleration cardiograms have now been recorded. These include 57 
records on normal subjects, 148 on patients with rheumatic heart disease, 41 with congenital heart 
disease, 24 with constrictive pericarditis, 15 with systemic hypertension, 9 with cardiomyopathy, 
and 12 with cardiac infarction. 

In order to try to interpret the abnormal patterns of the pulsations recorded, the movements 
of the heart were carefully watched at thoracotomy in 80 of these patients, including 55 with 
mitral stenosis, 14 with congenital heart disease, and 10 with constrictive pericarditis. 


THE NORMAL PRACORDIAL ACCELERATION CARDIOGRAM 
The normal tracing has already been described under the title of the precordial ballistocardio- 
gram (Mounsey, 1957). In this paper only the diastolic portion of it will be considered. 


* Reproduced by kind permission of the Editors of the Journal of the Society of Cardiological Technicians of 
Great Britain. 
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Two typical examples of normal acceleration cardiograms are illustrated, one from a boy in his 


teens (Fig. 2), and the other from a man of middle age (Fig. 3). In both records an atrial beat 
accompanying atrial systole is seen, although no clear atrial sound is recorded in the medium 
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Fic. 2 and 3.—Precordial acceleration cardiograms (PAC) at the apex in two healthy subjects: Fig. 2, aged 12 years; 
Fig. 3, aged 50 years. An atrial beat and diastolic rapid inflow (D.R.I.) beat are recorded, which are larger in 
the younger subject. The third heart sound (3) in Fig. 2 coincides with the D.R.I. beat. 


PH MF=phonocardiogram medium frequency. 1 and 2=first and second heart sounds. ECG II=electro- 
cardiographic lead II. 


frequency phonocardiogram. In both subjects the atrial beat is relatively small compared with the 
vibrations in the acceleration cardiogram, which coincide with the first heart sound. An atrial 
beat was an invariable finding in healthy subjects in this series, although sometimes it was very 
small and was seldom palpable. 

A diastolic rapid inflow beat, accompanying the phase of rapid ventricular filling, is also seen 
in the acceleration cardiogram in both subjects. It is larger and more obvious in the younger 
subject (Fig. 2) and very small in the older (Fig. 3). Only the younger subject had a third heart 
sound, for this is the audible component of the diastolic rapid inflow beat and is only heard when 
the beat is large. There was a general tendency in the group for the younger subjects to have a 
larger rapid inflow beat, which was sometimes palpable and accompanied by a third heart sound 
(Evans, 1942), whereas the older subjects had a small and sometimes hardly recognizable rapid 
inflow beat and no third heart sound. 

In disease, both the atrial beat and the diastolic rapid inflow beat may be greatly augmented. 


ATRIAL SYSTOLE IN DISEASE 


Anyone who has watched the heart of lone, severe, pulmonary stenosis at operation, cannot 
fail to have been struck in some patients by the violent agitation of the whole organ during atrial 
systole, which sometimes completely dwarfs the movement of the heart during ventricular systole. 
Simultaneously with the contraction of the greatly enlarged and hypertrophied right atrium, the 
right ventricle, which appears only partially to have filled passively during diastole, suddenly 
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distends further, rather like a toy rubber balloon, that has initially resisted inflation, but finally blows 


out in response to greater pressure. 


The dynamics of giant atrial contraction are probably not fully understood, for pressure-volume 
rather than simple pressure measurements alone are needed in order to estimate the amount of 
active atrio-ventricular filling that takes place and how much atrial contractile force is diverted to 


regurgitation of blood into the vene cave. 


to obstruction, may determine this. 


It is likely that, in patients showing a giant a wave in 
the right atrium without tricuspid stenosis, abnormal stiffness or lack of full distensibility of the 
right ventricle at the time of atrial contraction is present: otherwise increased force of atrial con- 
traction and increased atrial forward stroke-output could be accommodated in a freely distensible 
ventricle with little increase in the height of the a wave in right atrial pressure. 
stenosis abnormal ventricular stiffness is a sequence of right ventricular hypertrophy, although all 
patients with an equal degree of stenosis do not necessarily show a giant atrial beat. 
like the age of the patient and the length of time during which the right ventricle has been subjected 


In pulmonary 


Other factors, 


The precordial pulsations recorded in the acceleration cardiogram reflect the violent agitation of 


giant atrial contraction. 


An example of a giant atrial beat in severe pulmonary stenosis is shown 


in Fig. 4. Here the small atrial sound in the phonocardiogram gives little indication of the strength 


ECG 
il ; 


Fic. 


“GIANT” 


ATRIAL BEAT 





JUG.a’ = 7 CM. 
STENOSIS = 4 MM. 


D. 





“GIANT” 





ATRIAL 





SYSTOLE 





V. END DIASTOLE 


4.—Giant atrial beat in the precordial acceleration cardiogram (PAC) over the lower sternum 


(LS) in severe pulmonary stenosis, coinciding with an atrial sound (AS) in the phonocardio- 


gram (PH). 


Line diagram of PA radiogram: extensive cardiac movement in atrial systole, as 


seen at thoracotomy, indicated by dotted lines. V. end diastole=ventricular end diastole, prior 


to atrial contraction. 
D.=diameter. 


SM=systolic murmur. 


Jug. a=height above sternal angle of a wave in jugular venous pulse. 
2 and 2’=widely split second heart sound. 


of atrial contraction, which was widely palpable over the whole precordium and clearly recorded 
in the large vibrations in the acceleration cardiogram. The acceleration cardiogram of another 


patient with an equal degree of pulmonary stenosis is shown for comparison (Fig. 5). 
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Fic. 5.—Absence of a giant atrial beat in severe pulmonary stenosis. Line diagram of PA radiogram, as in Fig. 4, 
with dotted lines indicating insignificant cardiac movement in atrial systole, as seen at thoracotomy. a=height 
of right atrial a wave above mid-heart: RVP and PAP=right ventricular and pulmonary arterial pressures (at 
cardiac catheterization). 


did not have giant atrial contraction at operation and there is only a small atrial beat in the accelera- 
tion cardiogram, although he had tight pulmonary stenosis of 5 mm. diameter, with a gradient of 
pressure across the valve of 155 mm. Hg. The fact that he was a boy of 14 and considerably 
younger than the first patient, who was a woman of 37, may have in some way accounted for the 
apparent difference in myocardial reaction to a comparable degree of pulmonary stenosis. 

A giant atrial beat may be seen in any condition in which great ventricular hypertrophy of either 
ventricle is present, such as in systemic and pulmonary hypertension, pulmonary, and aortic 
stenosis (Fig. 6), and mitral regurgitation (Fig. 13). The mechanism of the giant atrial beat in 
all these conditions is probably the same. Ventricular hypertrophy gives rise to myocardial stiff- 
ness, that permits only partial passive ventricular filling in response to right atrial filling pressure, 
and is overcome only by the extra impetus of atrial contraction. Patients with this sign often 
remain in relatively good health for a number of years and it does not carry the serious prognostic 
significance of a third heart sound and an associated large diastolic rapid inflow beat. 

In general, a giant atrial beat produced by a left ventricular lesion is best recorded at the apex, 
and that by a right-sided lesion at the lower sternal area, the site of greatest impulse in each case 
being over the ventricle concerned. With left-sided lesions, however, this rule did not always hold 
good, since many of these patients had evidence of a giant right, as well as left, atrial beat as shown 
by the large a wave seen in the jugular venous pulse. The mechanism of a right-sided giant atrial 
beat, in response to left ventricular hypertrophy, is discussed below. 

Another group of diseases in which a giant atrial beat is frequently seen is the cardiomyopathies 
(Brigden, 1957). As in simple ventricular hypertrophy, the pathogenesis of the beat is probably 


lack of normal distensibility and increased stiffness of the ventricular myocardium. Such patients 
2H 
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Fic. 6.—Large atrial beat in the precordial acceleration 
cardiogram (PAC) in severe aortic stenosis, co- 
inciding with atrial sound (AS). This record was 
made over the lower sternum (LS), but the beat was 
well recorded at the apex also. 


with cardiomyopathy differ, however, from those with simple hypertrophy, in that heart failure is 
present with a raised end-diastolic pressure: hence the acceleration cardiogram shows a large 
diastolic rapid inflow beat as well as an increased atrial beat (Fig. 12). 

One patient with cardiomyopathy is of special interest, since this eight-year-old girl was operated 
upon with a mistaken diagnosis of tricuspid and mitral stenosis, and at operation it was possible to 
study the abnormal cardiac movements. Tricuspid stenosis had been diagnosed on the finding of 
an atrial systolic murmur at the left sternal edge, right atrial enlargement in the radiogram and 
electrocardiogram, and the presence of a high end-diastolic pressure in the right atrium (7 mm. Hg) 
with a giant a wave (15S mm. Hg). No satisfactory withdrawal trace from the right ventricle to 
atrium had been obtained to confirm the diastolic pressure differential between the two chambers. 
Right ventricular systolic and pulmonary arterial pressures were within normal limits. At operation 
no stenosis of the tricuspid or mitral valve was found, but a giant right atrium was seen occupying 
over half the anterior surface of the heart; the contraction of this chamber appeared to the eye to 
be the dominant feature of the heart’s movement. The appearance of delayed right ventricular 
filling, already described, was most striking in this patient, the ventricle appearing hardly to fill at 
all, until the atrium contracted. At autopsy, great left ventricular hypertrophy with no valvular 
cause was found, and on section the myocardium showed conspicuous hypertrophy of the muscle 
fibres with only slight increase in interstitial fibrous tissue. A diagnosis of cardiomyopathy was 
made in view of the idiopathic left ventricular hypertrophy which had given rise to heart failure. 
The right ventricular cavity was small and its walls not hypertrophied, which contrasted strikingly 
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with the left ventricle (Fig. 7). The right atrium was greatly enlarged and the left atrium was 
hypertrophied with only slight enlargement. 
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Fic. 7.—Transverse section of the heart of a patient with cardiomyopathy. The apex 
of both ventricles has been removed. 1=cavity of right ventricle. 2=cavity of 
left ventricle. Great left ventricular hypertrophy, involving interventricular septum. 


This patient was an example of Bernheim’s syndrome (1910), showing great left ventricular hyper- 
trophy with the septum bulging into a small right ventricular cavity, great right atrial enlargement, 
normal pulmonary arterial pressure, and right heart failure. Observation of the heart’s movements 
at operation suggested that increased myocardial stiffness in diastole, as well as decreased diastolic 
volume of the right ventricular cavity, was a factor in producing heart failure in this patient; for 
the right ventricle appeared capable of considerable additional filling under the high pressure pro- 
vided by atrial contraction which raised the filling pressure from 7 to 15 mm. Hg. It is suggested, 
therefore, that the hypertrophied septum, besides decreasing the normal diastolic volume of the 
right ventricular cavity, acted also as a splint to the right ventricle. It thus prevented filling at 
normal diastolic pressures by increased stiffness consequent on hypertrophy, but still permitted this to 
take place in response to the greatly raised filling pressure, provided by giant atrial contraction. 

The precordial acceleration cardiogram clearly reflected the giant atrial beat, which was widely 
and easily palpable over the whole precordium (Fig. 8). In the phonocardiogram an atrial systolic 
murmur was seen, best heard at the left sternal edge, and the electrocardiogram showed large right 
atrial P waves. In retrospect the presence of a giant atrial beat of such unusually large proportions, 
associated with a right atrial systolic murmur, should probably have weighed against the diagnosis 
of tricuspid stenosis. Although, in the presence of stenosis of either atrio-ventricular valve, there 
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Fic. 8.—Giant atrial beat in the precordial acceleration cardiogram (PAC) over the lower sternum (LS) in cardio- 
mopathy, accompanied by an atrial systolic murmur (ASM) in the phonocardiogram (PH). Line diagram of 
PA radiogram with extensive cardiac movement in atrial systole, as seen at thoracotomy, indicated by dotted 
line. a — atrial a wave and right ventricular pressure. Time scale: large division=0-2 sec. 
V.=ventricular. 


is increased pressure accompanying atrial contraction, very little associated movement of blood into 
the ventricle is possible. This is well seen in tight mitral stenosis at operation, where the main 
movement of the atrium during atrial contraction is of the appendix, the walls of the atrium and 
ventricle moving very little. For this reason the acceleration cardiogram in tight mitral stenosis 
shows slight, if any, increase in the size of the atrial beat compared with the normal (Fig. 9). In 
this patient with cardiomyopathy observation at operation had shown that the major part of right 
ventricular filling was accomplished during atrial systole and this accounted for the giant atrial 
beat seen in the acceleration cardiogram. In general, therefore, a giant atrial beat associated 
with an atrial systolic murmur suggests that the murmur is functional, due to increased atrial stroke- 
volume, and does not indicate stenosis. 


VENTRICULAR DIASTOLIC RAPID INFLOW IN DISEASE 


The heart in constrictive pericarditis is often spoken of as still, but, if we watch its movement at 
thoracotomy, the reverse is usually seen to be true. The heart dilates very rapidly in early diastole, 
as blood rushes into it under high pressure from the veins, and then, when the limit of dilatation 
imposed by the rigid constricting pericardium is reached, this movement is suddenly arrested, as 
though with a shudder, and the heart remains still for the rest of diastole. In certain unusual cases 
where pericardial thickening is very great, hardly any movement of the heart is seen until the 
pericardial coverings are removed. 
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Fic. 9.—Small atrial beat in the precordial acceleration cardiogram (PAC) at the apex in tight mitral stenosis, 
coinciding with an atrial systolic murmur (ASM) in the phonocardiogram (PH). Line diagram of heart, 
as seen at thoracotomy: dotted lines indicate insignificant movement of left atrial (LA) and left ven- 
tricular (LV) walls during atrial systole, with greatest movement of left atrial appendix (LA App.). 
OS=opening snap. MDM=mid-diastolic murmur. V=ventricular. D=diameter. 


The precordial pulsations resulting from abrupt halting of rapid ventricular filling are well 
recorded in the acceleration cardiogram. This usually shows initial outward acceleration of the 
chest wall followed abruptly by deceleration, as cardiac filling is arrested by the rigid pericardial 
casing. At the point of change from acceleration to deceleration, an upward stroke is recorded 
in the precordial acceleration cardiogram, the “‘ diastolic rapid inflow check,” and the early diastolic 
sound is recorded in the phonocardiogram (Fig. 10) (Mounsey, 1957). Following successful opera- 
tion, the diastolic rapid inflow check became smaller, less steep, and later in time, although it 
could still be brought out by deep inspiration (Fig. 11). 

Operation for constrictive pericarditis offers an opportunity to observe abnormally rapid 
ventricular filling, but a similar process probably takes place in heart failure from other causes. 
In myocardial failure, however, as opposed to constrictive pericarditis, the halting of rapid ventricu- 
lar filling consequent on the high venous pressure is usually less abrupt: the brake on ventricular 
filling here lies in the myocardium instead of the pericardium. In the precordial acceleration cardio- 
gram an augmented diastolic rapid inflow beat is seen, which reflects the palpable diastolic beat, 
consequent on rapid ventricular filling. The rapid inflow check, however, terminating this beat, 
is less steep and abrupt than in a typical case of constrictive pericarditis, indicating the more gradual 
halting of rapid ventricular filling by the myocardium (Fig. 12). 

Mitral valve disease forms another group in which diastolic rapid inflow is pathological and the 
precordial pulsations, recorded in the acceleration cardiogram, reflect the different mechanisms of 
left ventricular filling in mitral stenosis and mitral regurgitation. In both conditions the left 
atrial pressure is raised at the beginning of diastole when the mitral valve opens, but, whereas in 
mitral stenosis filling is restrained by the small aperture, in regurgitation it is abnormally rapid. 
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Fic. 10.—Diastolic rapid inflow (DRI) check in the precordial acceleration cardiogram (PAC) over 
the lower sternum (LS) in constrictive pericarditis. The check coincides with the early diastolic 
sound (EDS) in the phonocardiogram (PH), and with the early diastolic dip in right ventricular 
pressure (RVP). Both DRI check and EDS increase on inspiration. Line diagram of PA 
radiogram, — filling movement of heart, as seen at thoracotomy, indicated by dotted lines. 
V=ventricular. 


A large diastolic rapid inflow beat, therefore, is seen in the acceleration cardiogram of mitral 
regurgitation, indicating abnormally rapid filling (Fig. 13). In gross mitral regurgitation the 
heaving left ventricle sinks to rest about the period of diastolic rapid inflow: in such patients, there- 
fore, both ventricular relaxation and ventricular filling combine to influence the precordial accelera- 
tion cardiogram. In mitral stenosis, on the other hand, no clear diastolic rapid inflow beat is 
recorded. Instead, an opening check is seen, coinciding with the opening snap, this check being of 
small amplitude, since there is little general cardiac movement accompanying movement of the 
valve and ring (Fig. 14). Following the opening check is a small rapid inflow check, which initiates 
the mid-diastolic murmur. This rapid inflow check may coincide with completion of ventricular 
relaxation, for the left ventricle in mitral stenosis is seen to flick outwards at about this time in early 
diastole, when watched at operation. 

In combined mitral stenosis and regurgitation, where regurgitation is considerable, a character- 
istic record is sometimes seen in the acceleration cardiogram, that combines features of both con- 
ditions (Fig. 14). In addition to an opening check, a diastolic rapid inflow check is recorded (0-08 
seconds later), that is of unusually large size and high frequency: it coincides with a large third heart 
sound in the phonocardiogram. The pathogenesis of this large diastolic rapid inflow check seems 
uncertain, but it probably represents checking of abnormally rapid filling of the left ventricle in early 
diastole, as in pure mitral regurgitation. It is of interest that the mid-diastolic murmur is delayed 
until after the rapid inflow check, although blood is presumably entering the ventricle immediately 
after the opening check, which suggests that partial distension of the ventricle is necessary for the 
production of the murmur in these patients. 
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Fic. 11—The same patient, as in Fig. 10 after successful operation. Jugular venous pressure 5cm. The 
DRI check is still present, but smaller and later than before operation. No clear early diastolic sound 
(EDS) is seen in the medium frequency phonocardiogram (PH MF), except on inspiration. 
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Fic. 12.—Large atrial beat and diastolic rapid inflow (DRI) beat 
in the precordial acceleration cardiogram (PAC) at the 
apex in heart failure due to cardiomyopathy, with associated 
atrial sound (AS) and third heart sound (3) in the phono- 
cardiogram (PH). 
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Fic. 13.—Large atrial beat and diastolic rapid inflow 
(DRI) beat in the precordial acceleration cardio- 
gram (PAC) at the apex in mitral regurgitation, 
with associated atrial sound (AS) and third heart 
sound (3) in the phonocardiogram (PH). SM= 
systolic murmur. 
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Although a large diastolic rapid inflow check initiating a mid-diastolic murmur has been found 
to indicate a relatively considerable degree of regurgitation in relation to the amount of stenosis, 
it has been found to occur where stenosis is tight enough to benefit by valvotomy and is, therefore, 








of limited value in selection of patients for mitral valve surgery. ” 
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Fic. 14.—(A) Opening check (OC) in the precordial acceleration cardiogram (PAC) at the apex in tight mitral stenosis, f 
coinciding with the opening snap (OS) in the phonocardiogram (PH). Small diastolic rapid inflow (DRI) check, ; 
initiating mid-diastolic murmur (MDM). (B) Large diastolic rapid inflow (DRI) check, following opening check I 
(OC), and initiating mid-diastolic murmur (MDM), in combined mitral regurgitation and stenosis. SM= 
systolic murmur. 
| 
The site on the precordium where the diastolic rapid inflow beat was best recorded varied with 
the cardiac lesion. In left or right heart failure, the abnormally large diastolic rapid inflow beat 
was often widely palpable over the whole precordium, but it was best recorded over the affected I 
ventricle. In constrictive pericarditis the diastolic rapid inflow check was often easily felt over the 


whole precordium; it was usually best recorded about its centre. In mitral stenosis, on the other 
hand, the abnormalities of rapid inflow gave rise to small pulsations in the acceleration cardiogram, 
which were only recorded directly over the apex. In general, it was not easy to tell the site of the 
cardiac lesion from the area where the pulsation was best recorded in the acceleration cardiogram, 
due to the wide-spread propagation of all but the smallest cardiac impulses over the whole pra- 
cordium. A more reliable guide to the presence of a right heart lesion was increase in amplitude 
of the diastolic rapid inflow beat on deep inspiration, due to temporary increased filling of the right 
heart (Fig. 10 and 11). Conversely in left heart lesions the rapid inflow beat either diminished or 
remained unaltered on inspiration. 
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SUMMARY AND CONCLUSIONS 


The relationship between diastolic precordial pulsations recorded with an accelerometer, the 
cardiac movements as observed at thoracotomy, and the heart sounds has been examined. 

Atrial Systole. The atrial beat in the precordial acceleration cardiogram in health is described. 
A giant atrial beat in the acceleration cardiogram and an atrial sound or murmur in the phono- 
cardiogram are seen when increased active atrioventricular filling supplements passive diastolic 
filling, in the presence of a stiff hypertrophied ventricle, giving rise to giant atrial contraction. 
Right-sided giant atrial contraction may sometimes be met where the hypertrophy is of the left ven- 
tricle, due to splinting of the right ventricle by the hypertrophied interventricular septum. 

A giant atrial beat is not seen in mitral stenosis, in spite of increased left atrial systolic pressure, 
since little transfer of blood from atrium to ventricle accompanies atrial contraction, owing to the 
stenosis. This is in contrast to the giant atrial beat of ventricular hypertropy and hence may help 
to determine whether an atrial systolic murmur indicates stenosis or increased atrial stroke-volume 
from ventricular hypertrophy. 

Ventricular Diastolic Rapid Inflow. The diastolic rapid inflow beat in the precordial accelera- 
tion cardiogram in health is described. In constrictive pericarditis the acceleration cardiogram 
gives evidence of abrupt halting, by the rigid pericardium, of rapid ventricular filling: abnormalities 
of filling may be detected in this record where a clear early diastolic sound of constrictive peri- 
carditis is absent. 

In myocardial failure halting of rapid ventricular filling is less abrupt than in constrictive peri- 
carditis and this is reflected in the precordial acceleration cardiogram. 

The differing mechanics of left ventricular filling in mitral stenosis and mitral regurgitation are 
mirrored in this record, which shows a large diastolic rapid inflow beat in mitral regurgitation 
and no clear rapid inflow beat in mitral stenosis. 

The precordial acceleration cardiogram, which gives an optical record of precordial pulsations, 
helps to form a link between heart sounds and murmurs and the underlying cardiac movements 
and forces that produce them. 


General Note to Legends. 
Time scale: large division=0-1 sec., except in Fig. 8, where it is 0-2 sec. 


Electrocardiogram. This has been added to the simultaneous precordial acceleration cardiogram and phono- 
cardiogram, by means of a common reference tracing. ' 
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In normal subjects inaudible presystolic vibrations can usually be demonstrated in a low fre- 
quency phonocardiogram. The relation of these vibrations to pathologically audible atrial sounds 
and the contribution of atrial action to the formation of the first heart sound are the subject of this 
paper. Several authors (Bramwell, 1935; Caeiro and Orias, 1937; Rappaport and Sprague, 1942; 
and Evans, 1943, 1954), have applied the term atrial component to describe the low-pitched initial 
vibration of the first sound seen on a phonocardiogram. These sound phenomena were originally 
attributed to atrial activity because they precede the summit of the R wave on a simultaneous 
electrocardiogram, and it was thought that ventricular components could not precede this event. 
Counihan ef al. (1951), however, demonstrated low frequency vibrations preceding the peak of 
the R wave in a case of atrial fibrillation thus throwing some doubt on the atrial origin of the 
initial component of the first heart sound, and a recent publication (Reinhold and Rudhe, 1957), 
states that the atrium plays no part in the production of the first sound. 


Methods. Low frequency apical phonocardiograms were obtained with an apparatus of which the fre- 
quency response specifications were those recommended for clinical work by Leatham (1952): his system 
of labelling is employed in the phonocardiograms (M.A.=mitral area. L.F.=low frequency). Because 
of possible variations in the onset of the QRS complex in different cardiographic leads, standard lead II 
was employed throughout. Confusion with summation sounds or third sounds is avoided in all phono- 
cardiograms, by showing two cycles or a flat base line for at least 0-24 sec. preceding each atrial sound. 

An atrial sound is defined as any audible vibration occurring after the P wave, more than 0-23 sec. 
after the second sound and preceding the start of the QRS complex on a simultaneous cardiogram. Our 
definition of an atrial component of the first sound is clarified in the text. 

Evidence will be presented in this paper to support the separation of the atrial phonocardiogram into 
two main components (Lewis, 1915; and Weitzman, 1955): (1) an inaudible early atrial vibration (I.A.V.), 
and (2) an audible atrial sound (A.S.)._ Later we shall discuss the relationship of these atrial vibrations 
to the atrial component of the first sound (A.C.F.). 


THE RELATION OF NORMAL ATRIAL VIBRATIONS TO THOSE FOUND IN CARDIOVASCULAR 
DISEASE AND CONDUCTION DISORDERS 


Early atrial vibrations, normally inaudible (1.A.V.), are seen in normal low frequency phono- 
cardiograms. They occur 0-07-0-14 sec. after the beginning of the P wave (Fig. 1). In heart 
block the atrial phonocardiogram starts with low-pitched vibrations (I.A.V.) at thesame time 
interval after the P wave. The atrial vibrations in heart block may last as long as 0-14 sec., and 
they usually show final distinct waves of higher amplitude and frequency (A.S: Fig. 2). These 
two components (I.A.V. and A.S.) are best seen in complete heart block (Lewis, 1915) but they are 
also commonly seen in cases with a prolonged P-R interval. Weitzman (1955) demonstrated 
and measured the time relations of these two components of the atrial sound in hypertensive and 
ischemic heart disease in the absence of prolongation of the P-R interval. In these conditions 
as in heart block the timing of the first component (I.A.V.) corresponds to that of the inaudible 
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Fic. 1.—Phonocardiogram from a normal Fic. 2.—Phonocardiogram from a case of complete heart block, 
young man, showing the inaudible atrial showing the two components of the atrial sound, the inaudible 
vibration (1.A.V.) occurring0-12 sec. after atrial vibration (1.A.V.) 0-12 sec. after the P wave and the atrial 
the start of the P wave. sound (A.S.) 0:24 sec. after the P wave. The initial component of 

the ventricular phonocardiogram just precedes the peak of the R 
wave. 


presystolic vibrations in normal people: this vibration probably results from actual atrial con- 
traction (Lewis, 1915; Weitzman, 1955). The second component of the atrial sound is probably 
the only component that is audible (Weitzman, 1955). It may appear with prolongation of the 
P-R interval beyond 0-20 sec. which allows the second atrial component (0-20-0-28 sec. after 
the P wave) to precede the first heart sound. A further observation that supports the separation 
of the atrial sound into these two components is the form of the atrial sounds that occur in the 
middle of ventricular systole in heart block. Fig. 3 shows that under these circumstances, where 
the atrium is contracting against closed A-V valves, during ventricular systole, the first component 
is clearly recorded in the phonocardiogram whereas there is no sign of the second component, 
the base line being quite undisturbed at the time of its expected occurrence. This supports the 
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FiG. 3.—Phonocardiogram from a case of complete heart block, Fic. 4.—Phonocardiogram from a case of 


showing the two components of the atrial sound, I.A.V. and A.S. hypertensive heart disease, showing con- 
The second component (A.S.) does not occur when the atrio- version of an atrial sound (A.S.) into an 
ventricular valves are closed during ventricular systole. atrial component of the first sound 


(A.C.F.) resulting from carotid sinus 
pressure and change of P wave shape 
without change in the P-R interval. 
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view that the first component is related directly to atrial contraction whereas ventricular filling is 
necessary for the occurrence of the second component. 

Duchosal (1932, 1935) demonstrated that with clinical improvement in certain cardiovascular 
disorders, the atrial sound approaches and fuses with the first heart sound. With deterioration 
the atrial sound separates from the first heart sound becoming audible as a separate sound. This 
shift in timing, which may explain the audibility of the atrial sound (A.S.) where the P-R interval 
is normal, is the subject of another communication in which we support Duchosal’s view (Kincaid- 
Smith and Barlow, 1959). 

THE EFFECT OF CAROTID SINUS PRESSURE 

Read et al. (1955) reported the disappearance of a presystolic gallop as one accompaniment of 
slowing produced by carotid sinus pressure. Our phonocardiographic data in 140 cases of hyper- 
tension or ischemic heart disease where carotid sinus pressure was applied are shown below. The 
actual sound was audible in all cases. 


No slowing of rate or change in the atrial sound (A.S.) or P-R interval .. -_ os 12 
Slowing of rate but no change in the atrial sound (A.S.) or P-R interval . 4 ote 10 
Slowing of rate accompanied by diminution in amplitude of atrial sound (A. a}. rs 67 


Slowing of rate with prolongation of P-R interval: 

(a) Atrial (A.S.) and first sounds more widely separated and A.S. diminished inamplitude 20 

(b) Atrial (A.S.) and first sounds more widely separated but A.S. not diminished inamplitude 

Atrial arrest (disappearance of P wave, I.A.V., and A.S.) 6 
Alteration of P wave shape with no change in the P-R interval but an associated alteration 

in the timing of the atrial sound (A.S.)_ .. os = a ee ca re 4 

are “a 6 


— 
nan 


Temporary A-V ‘dissociation 
Total number of cases “i a aid oe a = u. ae =e 140 


We were unable to record regularly two components of the atrial sound in ischemic and hyper- 
tensive heart disease as reported by Weitzman (1955). This difference is likely to be due to a 
greater attenuation of low frequency elements in our recording system, thus eliminating the first 
atrial component in some records. Where recorded, the first component remained unchanged 
0-07-0-14 sec. after the beginning of the P wave. 

In all but 22 instances carotid sinus pressure produced some change in the atrial sound. In 
almost half (67) a diminution in amplitude of the atrial sound occurred, and in a further 20 pro- 
longation of the P-R interval was associated with diminution in amplitude of the vibration as 
well as a movement away from the first heart sound. The alteration in timing of the atrial sound 
was the same as the change in the P-R interval. In 16 cases atrial arrest resulted in the disappear- 
ance of the atrial sound (Fig. 5). All these findings substantiate the clinical observation that the 
atrial sound fades following carotid sinus pressure as occurred in 103 of these 140 patients. Occa- 
sionally, however, an atrial sound may become more easily audible with carotid sinus pressure 
due to wider separation from the first heart sound without significant decrease in intensity. An 
unexpected observation in four cases was the alteration in the timing of the atrial sound as a result 
of a change in P wave shape without change in the P-R interval (Fig. 4). 


THE ATRIAL COMPONENT OF THE FIRST HEART SOUND 


By applying these observations we have been able to establish the undoubted existence of an 
atrial component of the first heart sound. As stated above, with improvement in the clinical 
condition of patients with hypertension and ischemic heart disease the audible atrial sound dis- 
appears. The mode of disappearance in all cases that we have studied, has been a movement 
towards and fusion with the first heart sound (Kincaid-Smith and Barlow, 1959). Where we have 
been able to record two components, the timing of only the second atrial component alters, the 
first component remaining in its usual position 0-07-0-14 sec. after the P wave. When the atrial 
sound fuses with the first sound, it is seen as a low frequency vibration (A.C.F.) between the start 
of the ventricular electrocardiogram and the first major component of the first sound (Fig. 4, 7, 
8,9). It thus forms the initial component of the first heart sound and at this stage it may be indis- 
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Fic. 5.—Phonocardiogram from a case of ischemic heart disease, 
showing atrial arrest and disappearance of the atrial sound 
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resulting from carotid sinus pressure. 
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Fic. 6.—Phonocardiogram from a normal young 
man. The arrow indicates the initial low 
pitched vibration of the first sound which 
precedes the peak of the R wave and resembles 
the atrial component of the first sound seen in 
cardiovascular disorder. 


tinguishable on auscultation and phonocardiography from a similar vibration occupying this 
position in the normal first heart sound (Fig. 6). 
from a presystolic position in the patients with cardiovascular disorders, we were satisfied that 
in these cases it was dependent on atrial activity. 

In order to obtain more direct proof we studied the effect of carotid sinus pressure in 20 such 
cases in which the atrial vibration formed part of the first sound. The results were similar to those 
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Fic. 7.—Phonocardiogram from a case of ischemic heart disease, showing atrial 
asystole and the disappearance of the atrial component of the first sound as 
a result of carotid sinus pressure. 
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already shown in the group with presystolic atrial sounds. The most striking and convincing 
change was the disappearance of the initial first sound component (A.C.F.), when atrial arrest 
resulted from carotid sinus pressure (Fig. 7). Where a prolongation of the P—R interval occurred. 
the atrial component of the first sound moved in the same direction and to the same extent 
as the P wave, thus converting an atrial component (A.C.F.) of the first sound into a presystolic 
atrial sound (A.S.) by altering the timing from just after the start of the ventricular electrocardio- 
gram to just before the onset of Q (Fig. 8). An alteration in P wave shape may have an effect 
on the timing of the atrial sound, and may thus convert an atrial sound (A.S.) into an atrial com- 
ponent of the first sound (Fig. 4) or vice versa. Even where an alteration in timing was 
not seen, a decrease in amplitude or even a virtual disappearance of the initial component of the 
first sound almost invariably accompanied the carotid sinus slowing. 
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Fic. 8.—Phonocardiogram from a case of hypertension, showing prolongation of 
the P-R interval, and the conversion of an atrial component of the first 
sound into an atrial sound, resulting from carotid sinus pressure. 





The auscultatory accompaniments of these phonocardiographic changes were similar to those 
described for the atrial sound—a fading of the initial low pitched component of the first heart 
sound. Thus a first sound that seemed to consist of two components, one of low pitch and the 
second high pitched, often became a single high pitched sound following carotid sinus pressure. 
Obvious splitting of the two major components of the first sound (mitral and tricuspid closure) 
sometimes only became apparent as two equal high pitched elements, when the low pitched initial 
(atrial) component faded in the few cycles following carotid sinus pressure. 

The development of atrial fibrillation in two patients provided further evidence for the atrial 
origin of the initial component of the first sound. Both had ischemic heart disease and serial 
records had shown the atrial sound approaching and merging into the first heart sound with clinical 
improvement. When fibrillation commenced, the initial (atrial) component of the first sound 
disappeared (Fig. 9). 


THE ATRIAL COMPONENT OF THE FIRST HEART SOUND AND ITS RELATION TO THE 
NORMAL SPLIT First SOUND 


Splitting of the first heart sound is common in normal subjects (Leatham, 1954). In many 
the two elements of the split sound are of the same intensity and pitch, and probably result from 
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Fic. 9.—Phonocardiogram froma case of ischemic heart disease. (A) was taken 
two days after an acute myocardial infarction. Serial records thereafter 
showed the atrial sound (A.S.) approaching and fusing with the first heart 
sound, thus becoming an atrial component of the first sound (A.C.F.) as 
seen in (B). (C) was taken during transient atrial fibrillation and shows 
the disappearance of A.C.F. during the arrhythmia. 


asynchronous closure of the mitral and tricuspid valves (Reinhold and Rudhe, 1957). In a pro- 
portion, however, the first element of the split is loud and low-pitched and may be indistinguishable 
clinically and in the phonocardiogram from the atrial component of the first heart sound described 
above in ischemic and hypertensive heart disease. Because of this resemblance it seemed reason- 
able to suppose that this low-pitched initial component in normal subjects was atrial in origin. 

In fifteen normal young subjects in whom a low-pitched initial first sound component was 
heard, phonocardiograms showed that this sound vibration resembled the atrial component in 
patients with cardiovascular disorders. The vibration preceded the peak of R in all instances 
and in one it began with Q (Fig. 6). Unlike the group with proven atrial components of the first 
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Fic. 10.—Phonocardiogram from a normal young man, showing an 
initial low-pitched component of the first sound which is not in- 
fluenced in timing by prolonging the P-R interval from 0-16 to 
0-21 sec. by carotid sinus pressure Contrast with Fig. 8 which 
shows the movement of the atrial component of the first sound 
with the P wave during this procedure in the case of hyper- 
tension. The inaudible atrial vibration (I.A.V.), indicated by the 
arrow, moves with the P wave. 
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sound, however, no clinical alteration in this split first sound accompanied carotid sinus pressure, 
even where marked slowing occurred. Carotid sinus pressure produced no change in the con- 
figuration of the first sound on the phonocardiogram such as occurs in the atrial component of 
the first sound in cardiovascular disease (cf. Fig. 7, 8). The only conduction defect that resulted 
from carotid sinus pressure in these normal subjects was a prolongation of the P-R interval in one 
case; this was achieved after sensitization of the carotid sinus by complete digitalization in one 
normal young man: in spite of alteration of timing of the P wave by 0-05 sec. (P-R prolonged 
from 0-16-0-21) there was no alteration in the timing or appearance of the initial first sound com- 
ponent (Fig. 10: contrast Fig. 8). This difference seemed to indicate that the initial first sound 
vibration in these normal subjects was not comparable to the atrial component of the first sound 
demonstrated in the group with abnormal hearts. 
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Fic. 11.—Phonocardiogram from a young woman with no detectable cardiac 


abnormality other than atrial arrest complicating a staphylococcal pneu- 
monia. The first heart sound started constantly 0-02 sec. earlier in sinus 
rhythm (B) than during the arrhythmia (A). 


Observations were made on the effect of atrial action on the first sound during temporary 
arrhythmia in two patients. In a young woman with atrial standstill complicating staphylococcal 
pneumonia, phonocardiograms in the absence of atrial activity failed to show any vibration pre- 
ceding R, but such a vibration reappeared when the patient reverted to sinus rhythm (Fig. 11). 
Splitting of the first sound with a low pitched initial component could be heard after complete 
recovery, while no splitting of the first sound was audible in the absence of atrial action. Checked 
in numerous records in both sinus rhythm and during the arrhythmia, the vibration began 0-02 sec. 
earlier in sinus rhythm than in the absence of atrial activity. In aman aged 40 with lone paroxysmal 
atrial fibrillation, phonocardiographic tracings during fibrillation showed that vibrations began 
0-02 sec. after the peak of the R wave, whereas in sinus rhythm the initial first sound vibration 
constantly preceded R by 0-015 sec. 

Thus atrial action may influence both the timing and the audibility of the initial first sound 
component in patients with rhythm disturbance and otherwise apparently normal hearts. 


DISCUSSION 


We subscribe to the view that the atrial phonocardiogram has two components, the first in- 
audible (I1.A.V.), the second the audible atrial sound (A.S.). These two components occur in 
hypertensive and ischemic heart disease and in heart block, but only the first component (I.A.V.) 
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appears in normal phonocardiograms. An atrial sound is never heard unless there is a defect of 
conduction or some impairment of cardiac function—most commonly with hypertensive and 
ischemic heart disease, but also with cor pulmonale and anemia and other cardiac abnormalities. 
As a rule the more severe the functional impairment the earlier the atrial sound occurs. 

The participation of the atrium in the production of the initial components of the first heart 
sound, although widely accepted, has not hitherto been decisively demonstrated or disproved. 
The disappearance of the initial component of the first sound when atrial activity is arrested (Fig. 7) 
seems to provide conclusive evidence that it is dependent upon atrial action. We were only able 
to demonstrate an atrial component of the first heart sound conclusively in patients with cardio- 
vascular disorders. In such cases the initial first sound vibration differs from the presystolic 
atrial sound only in its time relation to the start of the ventricular electrocardiogram, and this 
can be altered by prolonging the P—R interval when the atrial vibration moves with the P wave 
(Fig. 8). 


THE ATRIAL COMPONENT OF THE FIRST SOUND AND THE SPLIT FIRST SOUND 
IN NORMAL SUBJECTS 


Dock (1933) concluded that the audible elements of the first heart sound were entirely valvular. 
Wolferth and Margolies (1935) and Leatham (1954) have stated that splitting of the first heart 
sound is due to asynchronous right and left ventricular events, but Evans (1943, 1954) accepts that 
it may also be due to separation of atrial and ventricular components. 

We agree with Leatham (1954) that on careful auscultation in nearly all normal subjects the 
first sound is split to some degree. In those in which the duplication is due to asynchronous 
ventricular events we believe that the two components are of similar intensity and character, a 
feature that has been used to differentiate between a split first sound and an atrial sound (Lian, 
1948; Leatham, 1954; and Weitzman, 1955). In our experience, however, about 5-10 per cent 
of normal subjects, particularly young men, have a low pitched first component of the first sound 
clinically indistinguishable from a late atrial sound in cardiovascular disorders. The fifteen normal 
subjects studied were selected from this group, and all their phonocardiograms showed that this 
low pitched audible sound preceded R, thus being identical with the tracings from patients with 
cardiovascular disease who had atrial components of the first sound. 

In spite of this phonocardiographic and clinical resemblance, the initial first sound vibration 
in normal subjects did not show the same response to carotid sinus pressure as the atrial component 
of the first sound in hypertensive and ischemic heart disease. It did not change in intensity and 
could not be converted into an atrial sound by this method of prolonging the P-R interval. In 
two patients with apparently normal hearts we were, however, able to show that atrial action 
influenced the time of onset of the “‘initial first sound vibrations” in that they occurred 0-02 to 
0-03 sec. earlier in sinus rhythm than during atrial standstill or fibrillation. 

These observations seem to indicate that even in the normal subject the atrium plays some 
part in the formation of the first heart sound. As it may contribute to both the timing and the 
audibility of the initial first sound vibration, there would be a case for calling this the atrial com- 
ponent of the first sound. It appears, however, to have a different mechanism from the undoubted 
atrial component of the first sound that we have demonstrated in cardiovascular disease, and as 
the latter seems to be identical with the atrial sound in all but timing, we prefer to distinguish 
between the two. We suggest therefore that simple descriptive term, “‘initial first sound vibration,” 
suggested by Reinhold and Rudhe (1957) be retained to describe this phenomenon in normal 
subjects. 

At the bedside carotid sinus pressure provides a useful method of distinguishing atrial sounds 
and atrial components of the first sound in patients with cardiovascular disorders, from split first 
sounds in normal subjects. The former almost invariably fades or disappears whereas the latter 


remains unchanged. Possible hypotheses based on these and other observations as to the 
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mechanism and significance of the atrial sound are put forward elsewhere (Kincaid-Smith and 
Barlow, 1959). 


SUMMARY 


The atrial phonocardiogram can be separated into inaudible and audible components: only 
the inaudible component occurs in normal subjects. 

Carotid sinus pressure usually diminishes the amplitude of the atrial sound. 

An atrial component of the first sound can be conclusively demonstrated in certain cardio- 
vascular disorders: it represents the same phenomenon as the audible atrial sound. 

The relationship of this proved atrial component to the low pitched initial component of the 
normal first heart sound is discussed. 


We are very grateful to Professor J. McMichael, F.R.S. for his help in the preparation of this paper. 


REFERENCES 


Bramwell, C. (1935). Quart. J. Med., 28, 139. 

Caeiro, A., and Orias, O. (1937). Rev. Argent Cardiol., 4, 71 (quoted by Rappaport and Sprague, 1942). 
Counihan, T., Messer, A. L., Rappaport, M. B., and Sprague, H. B. (1951). Circulation, 3, 730. 
Dock, W. (1933). Arch. intern. Med., 51, 737. 

Duchosal, P. (1932). Amer. Heart J., 7, 613. 

—— (1935). Arch. Mal. Ceur, 28, 345. 

Evans, W. (1943). Brit. Heart J., 5, 205. 

—— (1954). Cardiography. Butterworth, London. 

Kincaid-Smith, P., and Barlow, J. (1959). Brit. Heart J., 21, 479. 

Leatham, A. (1952). Brit. med. Bull., 8, 333. 

—— (1954). Lancet, 2, 607. 

Lewis, T. (1915). Lectures on the Heart. Shaw, London. 

Lian, C. (1948). Brit. Heart J., 10, 92. 

Rappaport, M. B., and Sprague, H. B. (1942). Amer. Heart J., 23, 591. 

Read, J. L., and Porter, W. B. (1955). Amer J. Med., 19, 177. 

Reinhold, J., and Rudhe, U. (1957). Brit. Heart J., 19, 473. 

Weitzman, D. (1955). Brit. Heart J., 17, 70. 

Wolferth, C. C., and Margolies, A. (1935). J. clin. Invest., 14, 605. 





A eT a. 





iO- 


he 








LTT ae 


Rae TT eT 











THE ATRIAL SOUND IN HYPERTENSION AND ISCHAMIC 
HEART DISEASE 
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The clinical significance of an atrial sound or presystolic gallop in hypertension and other 
cardiovascular disorders is still a subject of varying interpretation. Until recently the presence of 
a gallop rhythm has been accepted as an evil prognostic sign (Holt, 1927; White, 1928; Mond and 
Oppenheimer, 1929; Duchosal, 1932, 1935; Bramwell, 1935; Lian, 1948). Miles (1951), Weitzman 
(1955), and Evans (1957), however, have all noted that an atrial sound may occur in hypertension in 
the absence of any evidence of left ventricular failure and with normal effort tolerance. 

In a clinical and phonocardiographic study in hypertensive patients, we noted much variation 
in the timing of the atrial sound, unrelated to any alteration in the P-R interval. The interval 
between the first sound and the atrial sound may be very wide or no greater than that between the 
two components of a split first sound. As this variation in timing was noted in the same patient 
under different conditions, serial phonocardiograms were used to study the relationship between 
the clinical state and the timing of the atrial sound. 


METHODS 


Low frequency phonocardiograms were performed with an apparatus whose frequency response 
specifications were similar to those recommended by Leatham (1952) for clinical work. Standard 
lead II was used throughout for the simultaneous electrocardiograms because of possible variations 
in the commencement of the QRS in different leads. 

We define an atrial sound as any audible vibration occurring more than 0-07 sec. after the 
P wave (Duchosal, 1935) and preceding the start of the ventricular electrocardiogram. Care was 
taken to avoid confusion with third sounds and summation sounds; each figure shows either the 
preceding second sound or a flat base line for 0-24 sec. before the atrial sound. 


RESULTS 


(i) Clinical Improvement and Deterioration. Serial phonocardiograms in patients with ischemic 
and hypertensive heart disease showed that with clinical improvement the atrial sound approaches 
the first heart sound and may fuse with it (Fig. 1 and 2); subsequent deterioration was accompanied 
by migration of the atrial sound away from the first sound (Fig. 3). These changes are appreciable. 
on auscultation: patients with the greatest impairment of cardiac function have an obvious gallop 
rhythm, whereas, with improvement, as the atrial sound approaches the first heart sound, the 
cadence resembles that due to splitting of the first sound. The intensity of the atrial sound may or 
may not diminish as it approaches the first sound. 

The most useful phonocardiographic measurement in these cases is the distance from the 
beginning of the P wave to the atrial sound. Duchosal (1932, 1935) termed this the P-G (G= 
gallop) interval. With severe impairment of cardiac function the P—G interval may be as short as 
0-08 sec. As the clinical state improves the P-G interval lengthens and the atrial sound may 
479 
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Fic. 1.—Serial phonocardiograms (A, B, C, D, and E) taken at weekly intervals in a patient with 


malignant hypertension on hypotensive drugs. They show the effect of clinical improvement; 
the atrial sound is moving towards the first sound in tracings A, B, and C and becomes in- 
corporated into the first sound in tracings D and E. The P-G interval lengthens from 0-10 
in (A) to 0-13 in (B) and 0-15 sec. in(C). In (D) and (E) the P-G interval is greater than the 
P-R interval. The records were taken when the blood pressure was at its highest daily level 
and with the patient in a recumbent position in order to exclude the acute effects of lowering 
the blood pressure (see Fig. 5). 


become incorporated into the first heart sound with a P-G interval of 0-20 sec. or more. When 
the atrial sound occurs after the commencement of the QRS complex and thus forms part of the 
first heart sound it is best termed an atrial component of the first heart sound (Kincaid-Smith and 
Barlow, 1959). 

The length of the P-R interval influences the audibility of the atrial sound. With a short P-R 
the atrial sound may be close to or form part of the first heart sound, even where severe cardiac 
disability is accompanied by a short P-G interval. Conversely, a long P-R interval favours the 
appearance of an atrial sound, and with delayed A-V conduction time beyond 0-20 sec. an atrial 
sound may occur without any accompanying cardiac abnormality (Evans, 1943). 

The migration of the atrial sound towards the first heart sound accompanying clinical improve- 
ment was followed in serial phonocardiograms in nine patients with malignant hypertension and six 
with benign hypertension. Moderate to severe effort dyspnoea or nocturnal dyspnoea had been 
present in all, together with electrocardiographic and radiological evidence of left ventricular enlarge- 
ment. It was only within this dyspneic group that we encountered a short (0-08-0-12 sec.) P-G 
interval. An atrial sound may occur in benign hypertension in the absence of any cardiac symptoms 
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Fic. 2.—{(A), (B), and (C) are serial phonocardiograms taken at 10-day intervals following an acute myocardial 
infarction in a patient with normal blood pressure. The atrial sound moves towards the first sound (B) 
and becomes incorporated as an atrial component of the first sound (C). The initial first sound compo- 
nent in (C) was shown to be an atrial component by its response to carotid sinus pressure (Kincaid-Smith 
and Barlow, 1959). 


but in such patients we found a long (0-15-0-18 sec.) P-G interval and an atrial sound close to the 
first heart sound. 

Where an atrial sound develops with an acute myocardial infarction it may disappear altogether 
with clinical improvement. In the six patients with normal blood pressure with serial records the 
mode of disappearance was the same as in hypertension (Fig. 2). 

In three patients with ischemic heart disease clinical deterioration was accompanied by a decrease 
in the P-G interval, and in one severely hypertensive patient who refused further treatment serial 
records showed a similar change (Fig. 3). Acute deterioration was observed in one patient with 
ischemic heart disease who developed a further attack of ischemic pain while a phonocardiogram 
was being taken. An immediate change occurred in the phonocardiogram: the atrial com- 
ponent of the first sound present in records taken before the pain developed became a presystolic 
atrial sound (Fig. 4). The proof that the initial first sound vibration in this patient was an atrial 
component is given elsewhere (Kincaid-Smith and Barlow, 1959, Fig. 9). The sound disappeared 
when the atrium was arrested by carotid sinus pressure. The ischemic pain responded to amyl 
nitrite inhalation but this had no effect on the atrial sound. 

(ii) Hypotensive Drugs: (a) Long-term Treatment. While an increase in the P-G interval 
accompanies clinical improvement in hypertensive patients when cardiac symptoms are treated by 
bed rest and digitalis, a more striking alteration in timing of the atrial sound is seen when hypotensive 
drugs are employed. Fig. 1 shows phonocardiograms at weekly intervals during hypotensive 
treatment in a man aged 30 with malignant hypertension. The atrial sound migrates towards the 
first heart sound and becomes incorporated as an atrial component of the latter. In the last two 
records (Fig. 1, D and E) the first sound is clinically and phonocardiographically indistinguishable 
from normal and has remained so over eight months further observation. The records were taken 
when the blood pressure was at its highest daily level to exclude acute hypotensive effect. It has 
been possible to maintain this patient’s blood pressure at levels of 130/80 throughout the day 
whereas pre-treatment levels had been 260/140. In the majority of patients a less satisfactory 
therapeutic result is obtained and the atrial sound approaches the first sound in the initial stages of 
treatment but subsequently varies in timing from just before to just after the commencement of the 
QRS complex with a P-G interval of 0-15-0-18 sec. 

(b) Acute Effect of Hypotensive Drugs. In hypertensive patients disappearance of the atrial 
sound was noted as an immediate sequence of intravenous administration of hypotensive drugs. 
Serial phonocardiograms were done in 20 cases during the fall in blood pressure following an 
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intravenous dose of pentolinium, hexamethonium, or pempidine. 
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Fig. 5 (the same patient as Fig. 1) 


shows that the mode of disappearance of the atrial sound in this acute hypotensive response is the 
same as the more gradual change that occurs during maintenance treatment with hypotensive 
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Fic. 3.—Serial phonocardi 


ograms (A), (B), and (C) 


at 10-day intervals during clinical deteriora- 
tion in a severely hypertensive patient who 


refused further treatment. 


The atrial vibra- 


tion forms part of the first sound in (A), just 
precedes Q in (B), and is 0-05 sec. ahead of Q 


in (C). 


drugs. The P-G interval increases and the atrial 
sound approaches and becomes incorporated into 
the first sound, virtually disappearing when the blood 
pressure is at its lowest level (Fig. SF). These 
changes may occur with small doses of hypotensive 
drugs and with relatively slight lowering of the blood 
pressure. The atrial sound migrates towards the 
first sound as the blood pressure falls (Fig. 5A-F) 
and moves away from the first sound as the blood 
pressure rises (Fig. 5SG-J). The most convenient 
method for demonstrating this change over a short 
period is to produce postural hypotension with the 
patient in a semi-upright position and raise the 
pressure again by laying the patient flat. It can be 
shown, however, that the change is independent of 
posture as it accompanies blood pressure reduction 
in any position. 

The effect of hypotensive drugs was not studied 
in patients with ischemic heart disease or any other 
cardiac abnormality. 

(iii) Application of Tourniquets to the Limbs. The 
same movement of the atrial sound towards the first 
heart sound can be produced by the application of 
sphygmomanometer cuffs to occlude venous return 
from the four limbs (Fig. 6). The maximum altera- 
tion in the timing of the sound occurs within three 
minutes of the application of the cuffs and fifteen 
seconds after the pressure is released the atrial sound 
returns to its original position. 

Venous “‘cuffing’? produced this change in 
ischemic heart disease (3) and hypertension (8) but 
no similar alteration in timing of the atrial sound 
occurred in heart block (2) or prolonged P-R inter- 
val(1). Inthe latter three cases there was no cardiac 
abnormality other than the conduction disorder and 
the P-G interval was 0-21-0-24 sec. 

(iv) Amyl Nitrite. In most hypertensive patients 
(20/22) the inhalation of amyl nitrite produces a 
similar change in the timing of the atrial sound to 
that following ganglion-blocking drugs and the 
application of venous tourniquets. Serial phono- 
cardiograms taken at 15-seconds intervals for 3 
minutes after amyl nitrite inhalation show that the 
atrial sound migrates towards the first heart sound 
with lengthening of the P-G interval (Fig. 7). The 


maximum change is seen about 30 seconds after a single large inhalation, when the atrial sound may 
appear as an atrial component of the first sound. Within one to three minutes the phonocardiogram 


has again become identical with the control tracing. 
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Fic. 4.—Records taken before (A) and during (B) an acute attack of 
ischemic pain in a patient with normal blood pressure and severe 
ischemic heart disease. An atrial component of the first sound present 
in the first tracing has become a presystolic atrial sound in the second 
one. Theatrial component of the first sound disappeared when carotid 
sinus pressure produced atrial arrest, thus establishing its identity (Fig. 9, 
Kincaid-Smith and Barlow, 1959). 


In ten of eleven patients with ischemic heart disease no change in the atrial sound followed amyl 
nitrite inhalation. In five patients with ischemic heart disease, four with hypertension and one with 
normal blood pressure, the atrial sound altered as in the pure hypertensive group. 

In patients with an atrial sound due to prolongation of the P-R interval beyond 0-20 sec. or 
complete heart block, but with no other detectable cardiac abnormality, the timing of the atrial 
sound remained unchanged after amy] nitrite inhalation. The P-G intervals in these patients were 
0-21, 0-22, and 0-24 sec. However, in three patients with hypertension and prolongation of the 
P-R interval, the P—G interval lengthened from 0-15 to 0-19, from 0-16 to 0-19, and from 0-18 to 
0-22 sec. respectively, following amyl nitrite inhalation. 

(v) Respiration. In cor pulmonale the right atrial sound is best audible in the epigastrium or at 
the left sternal edge. Phonocardiograms in five such patients showed that the timing of the atrial 
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FiG. 5.—(A-J) are serial phonocardiograms taken during acute reduction of the blood pressure in a patient with 

malignant hypertension (the same patient as in Fig. 1). An injection of 5 mg. of ansolysen was given intra- 

venously after the control tracing (A) had been taken. Records (B—F) were taken as the blood pressure fell, with 

the patient sitting 'n a semi-upright position in a cardiac bed. Records (G), (H), (I), and (J) were taken as the 

patient was gradually lowered into a recumbent position and as the blood pressure rose. The atrial sound 

approaches and disappears into the first sound as the pressure falls and moves out into a presystolic position as the 
pressure rises 


sound varies with respiration. During inspiration it is most widely separated from the first sound 
with a short P-G interval, and in expiration the P-G interval lengthens (Fig. 8). This change, 
together with the increase in amplitude of the atrial sound often seen in inspiration in such patients, 
makes it more easily audible at this stage of the respiratory cycle. 

No constant change in the timing of the atrial sound accompanies the phases of respiration in 
hypertension or ischemic heart disease, though the intensity of the sound is often decreased on in- 
spiration, perhaps due to increasing depth of overlying lung. 

(vi) Effect of Rest. The P-G interval may lengthen by 0-02-0-03 sec. as a result of ten 
minutes’ to an hour’s rest in hypertension and ischemic heart disease. Where the atrial sound just 
precedes the first sound this change in timing will convert it into an atrial component of the first 
sound (Fig. 9). Rest does not constantly produce this change and emotional factors may explain 
this variability of response, as several patients showed shortening of the P-G interval on introduction 
of an intravenous needle or when warned of any such procedure. 

(vii) The Effect of Migration of the Atrial Sound on the Intensity of the First Heart Sound. As the 
atrial sound approaches the first heart sound the intensity of the latter increases (Fig. 9). This 
change was noted in many records, including those showing the effect of clinical improvement, hypo- 
tensive drugs, amy] nitrite, venous cuffing, and rest. Other factors such as the specific effect of amyl 
nitrite on the intensity of the first sound, or the tachycardia accompanying lowering of the blood 
pressure, may account for the change in some records but these can be excluded in the group showing 
the effect of rest. Rest usually slows the pulse and should, if anything, decrease the intensity of the 
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Fic. 6.—Serial phonocardiograms in a hypertensive patient, showing the 
effect of venous pooling in the four limbs resulting from the application 
of sphygmomanometer cuffs inflated to 100 mm.Hg. (A) was taken be- 
fore the cuffs were inflated, (B) 30 seconds after, and (C) 3 minutes after 
inflation of the cuffs. (D) was taken 15 seconds after the pressure was 
released. The atrial sound moves towards and into the first sound, 
while the cuffs are inflated, and becomes presystolic again when the 
cuffs are released. Note that the major components of the first sound 
increase in intensity as the atrial sound migrates towards the first sound. 


first sound, but whenever the atrial sound moves towards the first sound during rest the intensity of 
the latter increases (Fig. 9). Records showing a change in P-wave shape without a change in P-R 
interval but with alteration of the timing of the atrial sound (Kincaid-Smith and Barlow, 1959, 
Fig. 6 and 7) substantiate this observation. 

(viii) Studies in Complete Heart Block and Prolonged P-R Interval. The atrial vibrations of heart 
block and prolonged P-R interval are usually clearly separated into two components (Fig. 10). We 
agree with Weitzman (1955) that the first component is inaudible and represents atrial contraction, 
and that the second component is the audible atrial sound. The first component occurs 0-07- 
0-14 sec. after the P wave and the second component in the cases with no other cardiac 
abnormality that we studied occurred 0:21-0:28 sec. after the P wave. 
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Fic. 7.—Serial phonocardiograms, showing the effect of a single inhalation of amyl nitrite. The atrial sound 
moves towards the first sound and at 35 seconds it forms an atrial component of the first sound: at 60 
seconds the tracing is the same as the control. 
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INSPIRATION INSPIRATION 


Fic. 8.—Phonocardiogram, showing the effect of respiration on the timing of the right atrial sound in cor pulmonale. 
The atrial sound is more widely separated from the first sound (i.e. the P-G interval is shorter) in inspiration than 
in expiration. The maximum effect is seen in early inspiration. The time marking refers to the smaller sub- 
divisions only just visible at the left of the figure. The larger clear markings are at 0:2 sec. intervals. 


In three patients with severe hypertension and prolongation of the P-R interval the timing of the 
first component was the same as that where the conduction defect was the only abnormality, but the 
second component occurred earlier; 0-15-0-18 sec. after the P wave. This timing of the second 
component would allow it to precede the first sound even in the absence of any conduction defect. 

In cases with only conduction defects we were unable to alter the timing of the second com- 
ponent with amy] nitrite or venous tourniquets whereas the hypertensive cases with prolonged P-R 
interval behaved similarly to other hypertensive cases, the P-G interval increasing in response to 
amy] nitrite and venous cuffing. 

In complete heart block the P-G interval (measured to the second component) varies with the 
stage of diastole at which atrial contraction occurs. Fig. 11 shows that in early diastole the P-G 
interval is long (average 0-26 sec.) whereas in late diastole it is shorter (average 0-23 sec.). 
When airial contraction occurs during ventricular systole the second component does not occur 
(Kincaid-Smith and Barlow, 1959). 
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Fic. 9.—Phonocardiograms, showing the effect of rest on the atrialsound. Tracing (A) was taken as soon as the 
patient reached the phonocardiographic room. Tracing (B) was taken after 10 minutes’ rest, and tracing 
(C) after an hour’s rest. The atrial vibration moves from a presystolic position (A) to become an atrial 
component of the first sound (C). The intensity of the first major component of the first sound 
increases greatly as the atrial sound approaches it. 
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Fic. 10.—Showing that the atrial phonocardiogram in heart block appears as two well-defined components. 


The audible atrial sound in heart block may consist of several vibrations on a phonocardiogram, 
and clinically it may be heard as a single sound, an apparent double sound, or as a short rumble 
resembling a mid-diastolic murmur. 


DISCUSSION 


Our observations on the atrial sound support Duchosal’s (1932) thesis that with improvement in 
the clinical condition the P-G interval lengthens and the atrial sound approaches, and may fuse 
with, the first heart sound. Wolferth and Margolies (1933) pointed out that several of Duchosal’s 
examples were invalid because he had not considered the third heart sound or the phenomenon of 
summation. In 1935 Duchosal published further observations on unequivocal atrial sounds con- 
firming his previous findings. Evans (1943) raised a valid objection to Duchosal’s work when he 
pointed out that the start of the atrial sound in a phonocardiogram from a healthy subject may be 
the same as that in patients with cardiac disease (namely P-G 0-08 sec.). We think that this 
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Fic. 11.—Showing that in complete heart block the timing of the atrial sound (second com- 
ponent of the atrial phonocardiogram) varies with the stage of diastole at which it 
occurs. In early diastole (0-30 sec after the second sound) it occurs 0:26 (average) sec. 
after the P wave whereas in late diastole it occurs 0-23 (average) sec. after the P wave. 
Each small square in the figure represents one observation. 


apparent weakness in Duchosal’s thesis is explained by a study of the components of the atrial 
phonocardiogram. This consists of two groups of vibrations (Lewis, 1915; Weitzman, 1955) and 
we agree with the latter author that the first component (0-08-0-14 sec. after the P wave) is 
inaudible. This inaudible component occurs in the normal phonocardiogram as well as in patients 
with cardiac disorders and we think that Evans’ (1943) observations referred to this component. 
The audible component of the atrial sound is usually of higher pitch and higher amplitude and in 
Our experience is only found in cardiac disorders or with prolongation of the P-R interval. The 
components of the atrial sound are best seen in heart block (Fig. 10) where atrial vibrations may 
last 0-14 sec. and the initial low-pitched vibrations are often well-defined from those of higher 
frequency and amplitude which constitute the audible atrial sound. It is to this latter component 
that Duchosal’s (1932. 1935) and our own observations on variations in the timing of the atrial 
sound apply. Where both can be shown, the initial atrial vibrations remain constant in timing. 
during acute and long-term observations on the movement of the audible atrial sound. 

The shortest P-G interval which we have observed was 0-08 sec. at which stage the audible 
atrial sound seems to coincide with or follow very shortly upon the inaudible atrial vibrations. 
With improvement, the atrial sound may move by as much as 0-15 sec. thus prolonging the P-G 
interval to 0-23 sec. (Fig. 1). At this stage the atrial vibration occurs after the beginning of the 
QRS complex and thus by definition forms part of the first heart sound. A more detailed analysis 
of this atrial component of the first sound is given elsewhere (Kincaid-Smith and Barlow, 1959). It 
is only in patients with moderate or severe cardiac symptoms in whom we have observed a short 
(0-08-0-12 sec.) P-G interval, although an atrial sound is a common manifestation in hyper- 
tension even in the absence of any symptoms. We found an audible atrial sound in 50 per cent of 
patients with average casual blood pressure readings above 180/100 (Barlow and Kincaid-Smith, 
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1959). This is a higher percentage than that quoted previously (Miles, 1951; 23%). Miles 
(1951), Weitzman (1955), and Evans (1957) agree that atrial sounds occur in asymptomatic hyper- 
tensive patients. In hypertensive patients with mild or absent cardiac symptoms the P-G interval 
was usually 0-15-0-20 sec. and the atrial sound just preceded the QRS complex. Most patients 
on hypotensive treatment retain an audible atrial sound although this may disappear temporarily 
when the blood pressure is low. It is only where it is possible to maintain the blood pressure at 
normal levels throughout the day that we have been able to demonstrate permanent disappearance 
of the atrial sound (Fig. 1). 

In ischemic heart disease an atrial sound that develops after an acute myocardial infarction 
may disappear altogether, remain as an atrial component of the first sound, or persist. Where 
it persists but the patient has no symptoms, the timing corresponds to that in the asymptomatic hyper- 
tensive group (P—G 0:15-0:20 sec.). We agree with Weitzman (1955) that cardiac symptoms are 
more common when the atrial sound persists; he noted a poor prognosis in this group. 

The P-G interval lengthens with clinical improvement and shortens with clinical deterioration, sug- 
gesting that the early occurrence of an atrial sound is a manifestation of less efficient myocardial 
function. Two of the acute procedures (hypotensive drugs, and venous pooling) whereby we can 
produce an immediate lengthening of the P—G interval are also used as therapeutic measures in left 
ventricular failure. This may suggest that the change in the timing of the atrial sound produced is 
due to relief of overloading of the left ventricle. As, however, an atrial sound occurs in asymptomatic 
hypertensive subjects it is unlikely to signify any gross rise in diastolic pressure in the ventricle. 

The observation that inspiration shortens the P-G interval of the right atrial sound in cor 
pulmonale whereas it does not alter the left atrial sound of hypertension or ischemic heart disease 
suggests that the increased right ventricular filling pressure places an added strain on the right 
ventricle, thus potentiating the factors that produce the sound. 

The fact that venesection does not prolong the P-G interval in cases with complete or first-degree 
heart block supports the view that in such cases the audible atrial sound is due merely to a temporal 
separation of atrial and ventricular events and does not signify functional defect. The P-G interval 
in such cases is considerably longer than in the hypertensive and ischemic group, in whom, with 
improvement, the P-G interval approaches that found with normal function but delayed A-V 
conduction time. 

The results obtained with amyl nitrite are difficult to interpret. This drug lowers the blood 
pressure and its temporary effect in prolonging the P-G interval in hypertensive patients in whom 
increased blood pressure is the primary disorder may be due to this. It is of interest that although 
amyl nitrite relieves ischemic pain it does not as a rule alter the P-G interval in ischemic heart 
disease, and did not do so in spite of pain relief in the patient (Fig. 4) who developed an atrial sound 
with an attack of ischemic pain. 


MECHANISM OF THE ATRIAL SOUND 


The mechanism of the atrial sound is still uncertain and some of our observations may help to 
elucidate this problem. 

Charcelay (1837), who first described the atrial sound, thought it was due to atrial contraction. 
Potain (1900) thought that the sound resulted from sudden tension of the ventricular wall following 
the inflow of blood in atrial systole. Lewis (1915) described the two components of the atrial sound 
in heart block and attributed the first component to atrial contraction and the second to closure of 
the atrio-ventricular valves after the cessation of blood flow from the atrium. Weitzman (1955) 
demonstrated that the first (inaudible) component of the atrial sound coincided with atrial con- 
traction and agreed with Potain that the second component was a ventricular filling sound. Potain’s 
(1900) theory assumes that the atrial sound is produced by a sudden rise in tension of the ventricular 
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wall. The early atrial sound present in patients with heart failure could then be due to a raised end 
diastolic pressure and hence a quick rise to the tension required to produce the sound. The migra- 
tion of the sound accompanying blood pressure reduction or venous pooling by tourniquets could 
be due to a decrease in the end diastolic pressure as could the changes accompanying clinical im- 
provement. The diastolic state of the left ventricular myocardium in asymptomatic cases is 
uncertain, but it is difficult to imagine it is entirely free from “‘strain”’. 

A recent study (Kuo ef al., 1957) in which atrial and ventricular pressures were recorded in 
patients with gallop rhythm throws doubt on the valvular theory of atrial sound production. These 
authors showed that atrial pressure was higher than ventricular pressure at the time of the atrial 
sound and hence thought it very unlikely that it could be due to atrio-ventricular valve closure. 

One of our observations that provides further evidence against the valvular theory of atrial 
sound production is the increase in intensity of the first sound that occurs as the atrial sound 
migrates towards the first sound with the patient lying quietly at rest. 

If the major components of the first sound are due to mitral or tricuspid valve closure their 
intensity should diminish when atrio-ventricular valve closure due to an atrial sound immediately 
precedes the first sound. The increase in intensity of the first sound that occurs as the atrial 
vibration approaches the major components of the first sound may support the “‘ ventricular filling 
sound”’ theory of atrial sound production. If a ventricular filling sound immediately precedes 
systolic mitral and tricuspid closure it implies that flow from atrium to ventricle shortly precedes 
valve closure. The cusps would thus be widely separated as in mitral stenosis and the intensity of 
the first sound would be greater. The increase in intensity of the first sound accompanying migra- 
tion of the atrial sound during the application of tourniquets to the limbs has been confirmed by a 
recent publication (Leonard et a/., 1958). 

Observations on the timing of the atrial sound in complete heart block support the explanation 
that the initial state of ventricular filling determines the length of the P-G interval. Isolated atrial 
sounds occurring in the early diastolic period have a P-G interval of 0-24-0-28 sec. (average 
0-26) while those in late diastole when the ventricle would be more nearly filled have a P-G interval 
of 0-21-0-25 sec. (average 0-235). This suggests that the critical degree of ventricular distension 
necessary for the production of the sound follows more closely on atrial contraction when there is a 
high initial pressure in the ventricle. 

Thus we support Duchosal’s (1932, 1935) thesis that the P-G interval gives an indication of the 
degree of cardiac involvement in hypertension and ischemic heart disease. This has the clinical 
application that a classical presystolic gallop with wide separation of the atrial sound and first sound 
indicates greater impairment of function than the close atrial sound or “‘Galop presystolique 
retardé”’ (Lian, 1948). The latter may be present for several years in asymptomatic hypertensive 
patients. 


SUMMARY 


In hypertension and ischemic heart disease the atrial sound approaches and may fuse with the 
first heart sound during clinical improvement. With deterioration the atrial sound moves in the 
reverse direction. 

In hypertension the same movement of the atrial sound towards the first sound can be produced 
by the intravenous administration of hypotensive drugs, venous pooling by means of sphygmomano- 
meter cuffs, and amyl nitrite inhalation. The interpretation of these, and of other changes in the 
timing of the atrial sound, is discussed. 

The mechanism and production of the atrial sound is discussed, and evidence is advanced sup- 
porting the theory that it is a ventricular filling sound. 


We are very grateful to Professor J. McMichael. F.R.S., for his encouragement and help. 
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The demonstration by Hamilton et a/. (1948) and Wérko et a/. (1949) that the analysis of time- 
concentration curves of intravenously injected Evans Blue (T-1824) gave estimates of the cardiac 
output in man that corresponded closely with those obtained by the direct Fick method stimulated 
a widespread use of the dye method. However, those properties of Evans Blue that led Dawson 
et al. (1920) to select it from some 60 dyes as a plasma volume indicator, in particular its affinity 
for protein and the persistence of tissue coloration, detract from its value in studies of the circulation, 
especially if repetition of observations is required. Alternative indicators have been widely sought, 
but none can yet be regarded as wholly satisfactory. In a new attempt to find a solution to the 
problem the distribution and fate in vivo of some 50 compounds were examined in preliminary 
animal experiments. As a result the dye, Coomassie Blue, was selected for more detailed examina- 
tion, the results of which are here reported. 


CONSTITUTION AND PROPERTIES OF COOMASSIE BLUE 
Coomassie Blue is a dye of the formula: 
SO;3H 
N=N NH 
OH HSO; 
SO;H 


In the form of its sodium salt, it is readily soluble in water and solutions are stable on storage and 
may be sterilized by autoclaving. The purification process applied to the dye used for these experi- 
ments gives a chromatographically pure and homogeneous product. The light absorption maximum 
of Coomassie Blue in aqueous solution occurs at 565-570 mp, the maximum being shifted to 580- 
590 mu in the presence of plasma (E!2°, about 600). The absorption of light by aqueous solutions 
and mixtures of the dye with plasma is linearly proportional to the concentration of dye present in 
each. 

Coomassie Blue may be extracted from plasma and tissues by the urea and acetone method of 
Clausen and Lifson (1956): this permits its accurate determination without interference by 
hemolysis or lipemia. Details of the extraction method are outlined in a later publication (Taylor 
and Shillingford, 1959). The absorption spectra of Coomassie Blue before and after extraction 
from the plasma are shown in Fig. 1. In the final acetone extract the dye shows an absorption maxi- 
mum at 585 my, with an increase of absorbance of 15 per cent, as compared with aqueous solutions. 
Recovery of the dye from plasma by this extraction method is 95-100 per cent, and light absorption 


* U.K. Patent Specification No. 798443. “Coomassie” is a registered Trade Mark of Imperial Chemical Industries 
Limited. 
+ Medical Research Fellow in Clinical Research. 
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of the extract is linearly proportional to dye concentration when solutions are measured in a spectro- 
photometer such as the Unicam SP 600. The absorption spectra of extracts of the dye from the 
plasma of animals, at intervals up to two hours after injection, are identical with that of the original 
dye. 
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3.—Acetone extract of dye after addition to plasma four rabbits (weights 2:5-3-5 kg.). 
in vivo. 

4.—Acetone extract of plasma 15 mins. after injection 
into rat. 


Coomassie Blue at concentrations up to 10 mg./100 ml. is virtually completely (>98%) 
bound to the serum proteins or to 4 per cent aqueous bovine albumin solution, as determined by 
dialysis. On electrophoresis of serum containing Coomassie Blue, the dye is found to migrate 
with the albumin fraction. 


DISTRIBUTION, METABOLISM, AND EXCRETION OF COOMASSIE BLUE 


The apparent volume of distribution and rate of clearance from plasma of Coomassie Blue and 
other dyes were determined by injecting 5 mg. per kg. body weight of the dye intravenously into 
rabbits and taking samples of blood for analysis of dye content at timed intervals from five minutes 
to two hours thereafter. Extrapolation of the dye concentrations to zero time enabled the apparent 
volumes of distribution of the dyes to be calculated. These are shown, together with the half life 
(time for concentration of dye to drop by one half after injection) in Table I. (The dye Indigo 
Carmine proposed for circulatory studies by Lacy ef al. (1955) is included as an example of a rapidly 
cleared indicator.) The volumes of distribution and relative rates of clearance of these dyes were 
found to be substantially the same in further experiments in both the cat and the dog. 

As shown in Fig. 2, Afridol Violet and Coomassie Blue are more rapidly cleared than Evans 
Blue. Further study of Afridol Violet revealed that, after parenteral administration, it gave rise 
to persistent skin pigmentation. Coomassie Blue, however, caused no skin pigmentation, but 
merely a transient blueing due to its presence in the peripheral circulation. 

An experimental demonstration that the surface coloration following injection of Coomassie 
Blue is due to its presence in the peripheral circulation and not to tissue staining, as occurs 


with Evans Blue, is shown in Fig. 3. Shortly after intravenous injection of the dye, rats were 
2K 

























TAYLOR AND THORP 


TABLE I 


DISTRIBUTION AND CLEARANCE OF DYES AFTER INTRAVENOUS 
ADMINISTRATION OF 5 MG./KG. BODY WEIGHT TO RABBITS 








Apparent volume of Half life of 
Dye distribution dye in plasma 
(% body weight) (minutes) 
Evans Blue .. a 3-8-6°3 > 120 
Afridol Violet = 4-6-5:0 30-40 
Coomassie Blue as 4:5-5-6 15-20 
Indigo Carmine te (10)* <3 
Bromphenol Blue... (10)* <3 





* The clearance of these dyes was too rapid to allow accurate determination of their volume of distribution. 





Coomassie Blue Evans Blue 


Fic. 3.—Comparison of the diffusion of circulating Evans Blue and Coomassie 
Blue at an area of increased capillary permeability induced by intradermal 
peptone injection. Rat skin (x }). 


injected intradermally with 0-1 ml. 2 per cent peptone solution, and the injection site excised 30 
minutes thereafter. The local increase in capillary permeability caused by the peptone results in 
diffusion of the dye from the circulation into the surrounding tissue. The degree of contrast in 
colour provides a readily discernible measure of the initial tissue pigmentation due to the dye. 
Whereas pre-administration of Evans Blue resulted in the blue bleb being scarcely distinguishable 
in colour from that of the deeply stained surrounding tissue, in the case of Coomassie Blue the 
surrounding tissue was quite unstained and contrasted sharply with the area of dye that had 
diffused around the injection site. 

Coomassie Blue is metabolized by reductive fission of the azo link, as has been described for other 
azo derivatives (Fouts et a/., 1957). After fission, the two components of the molecule are mainly 
excreted in the urine, partly as such, and partly as further metabolic derivatives. Less than 3 per 
cent of the injected dye is excreted unchanged in the urine after the administration of large doses. 
A considerable concentration of the dye occurs in the bile, and, though a small fraction of its metabo- 
lites are present in the feces, little unchanged dye is found. 
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TOXICITY 


Coomassie Blue is significantly less toxic than Evans Blue, being well tolerated at single doses of 
500 mg./kg. body weight intraperitoneally in the mouse, whereas Evans Blue causes delayed deaths 
in all mice at doses of 200 mg./kg. body weight. In the mouse the LDs9 of Coomassie Blue given 
intravenously was found to be 450 mg./kg. body weight, about 100 times the dose used for human 
indicator dilution studies. Repeated intravenous injections of 10-30 mg./kg. body weight of the 
dye in both the rat and the rabbit caused no detectable macroscopic or microscopic lesions of any 
tissue. Of rats that received 15 mg. Coomassie Blue subcutaneously fortnightly for six months, 
none showed any evidence of local or generalized carcinogenic or other activity when studied over 
a period of two years. Intravenous doses of 5-10 mg./kg. body weight of Coomassie Blue in the 
dog and cat caused no alteration of respiration, blood pressure, pulse rate, or electrocardiogram. 


CARDIAC OUTPUT MEASUREMENT 


A limited comparison of Coomassie Blue with Evans Blue as a cardiac output indicator in the 
dog showed the dye to give valid results (Fig. 4), as was to be expected from its method of selection. 
These results have since been confirmed by more detailed studies in man (Taylor and Shillingford 
1959). 
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Fic. 4.—Examples of dye dilution curves obtained in dogs (beagles) using Evans Blue 
and Coomassie Blue. 


DISCUSSION 


The physical and chemical properties of the azo dye, Coomassie Blue, make it theoretically a 
most suitable dye for methods employing indicator dilution techniques, and the present study has 
confirmed its promising potential for biological use. The rate of in vivo degradation and excretion 
of the dye are optimal in that they are sufficiently slow to allow accurate determinations of the 
plasma concentration and yet at the same time rapid enough to cause only transient skin 
discoloration. The low toxicity and ease of extraction of the dye from the plasma protein, to which 
it is bound, are real advantages over Evans Blue (T-1824). Aqueous extracts of the dye from the 
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plasma have identical absorption spectra with that of the uninjected dye, indicating that the dye 
behaves homogeneously after injection. This is supported by chromatographic evidence and is in 
contrast to some samples of Evans Blue. Cooley (1954) found appreciable amounts of rapidly 
metabolized impurities in standard solutions of the latter dye that may seriously affect quantitative 
estimations in vivo. In contrast to the recently proposed tricarbocyanine dyes ‘‘Cardio-Green” 
(Fox et al., 1957) and “‘Rie 1743” (Kramer and Ziegenriicker, 1957), Coomassie Blue is stable in 
aqueous solution and not light sensitive. This is of particular importance in considering the dye 
for practical clinical use. 

Several dyes, having a very rapid clearance from the bloud, have recently been proposed as 
suitable for serial determinations of cardiac output. Amongst these are Indigo Carmine (Lacy 
et al., 1955), Bromsulphalein (Wassen, 1956; Mellette et a/., 1958) and three inter-related blue 
triphenylmethane dyes (Davis et a/., 1958). These dyes are, however, only suitable for use, where 
estimations of blood dye concentrations are made on samples withdrawn from an artery, as a 
significant difference between arterial and venous dye content results from the rapid rates of diffusion 
and hepatic clearance that characterize these dyes. Thus venous blood samples do not permit 
standardization of the response of an ear-piece detector, a serious practical limitation. 

With regard to Coomassie Blue, the present animal studies demonstrate that the dye is initially 
confined entirely to the intravascular space, a factor of prime importance in the in vivo measurement 
of blood flow and the estimation of plasma volume by dye space. The clearance of Coomassie 
Blue from the plasma is neither too slow to limit the frequency of successive determinations, nor too 
rapid to introduce an appreciable error in the calculation of blood flow and volume. The absence 
of skin staining is a great advantage when considering clinical use of the dye, especially if repeated 
observations are required. 


SUMMARY 


The dye, Coomassie Blue, has been found to have properties suitable for its use with indicator 
dilution techniques. 

It is stable in aqueous solution, non-toxic, and does not cause staining of the skin. 

The concentration of Coomassie Blue in plasma may be readily and accurately determined. 

The dye is localized in the intravascular space by binding to the plasma proteins, from which it 
is cleared at a rate intermediate between that of the highly persistent Evans Blue and that of the 
rapidly cleared Indigo Carmine. 


We are indebted to Drs. F. L. Rose, F.R.S., J. Raventos, W. G. M. Jones, W. A. M. Duncan, A. Spinks, A. L. 
Walpole, J. Madinaveitia, G. E. Paget, Mr. K. Howarth, and Miss N. Leech of Imperial Chemical Industries for 
advice and assistance in various phases of this work, and to Professor J. McMichael, F.R.S., and Dr. J. Shillingford 
of the Postgraduate Medical School for their interest and encouragement. 
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Until recently Evans Blue (T-1824) was the dye that had been used most extensively in indicator 
dilution studies and found to possess the desired characteristics of relative non-toxicity and confine- 
ment to the intravascular space. However, the use of this dye imposes certain limitations, the chief 
being that the total dosage of dye administered must be kept small, due to the blue coloration 
imparted to the skin of the patient and the toxic effects of large doses. Because of these limitations 
of Evans Blue, several other dyes have recently been proposed as suitable for indicator dilution 
studies. Among these are Indigo Carmine (Lacy et al., 1955), Bromsulphalein (Wassen, 1956; 
Mellette et al., 1958), the tricarbrocyanine dyes, ‘Cardio green”’ (Fox et al., 1957) and ‘* Rie 1743” 
(Kramer and Ziegenriicker, 1957), and the blue triphenylmethane dyes (Davis et a/., 1958). These 
dyes are, however, rapidly removed from the circulation by extravascular diffusion and rapid 
hepatic clearance. This seriously compromises the standardization of the response of an ear 
oximeter, for direct arterial standardization at the time of the inscription of the curve is essential 
for quantitative analysis. Coomassie Blue was developed largely in an effort to overcome these 
difficulties and the purpose of this work was to assess the value of the dye in clinical practice. 


METHODS 


Following extensive animal trials, the harmlessness of the dye was established by cautiously 
increasing intravenous administration in ourselves and later in patients whose condition justified 
dye studies. The dye was given in amounts ranging from 20 to 1000 mg. per injection to a 
maximum total dosage in one subject of 2000 mg. Subjective effects, together with any changes in 
pulse rate or blood pressure, were noted subsequent to the injection in all patients. 

To determine in vitro colorimetric decay of the dye, samples of blood were taken five minutes 
after its intravenous injection. After centrifuging, the plasma was stored in two fractions, one at 
room temperature and one at 0° C. The dye was extracted from the plasma at 1, 2, 3, 4, 8, 12, 
and 24 hours after withdrawal. 

The rate of in vivo colorimetric degradation of the dye was studied in the plasma at intravenous 
dose levels of 25, 50, 75, and 100 mg. Six patients were studied at each level of dosage and blood 
samples were taken for extraction and estimation of the dye at 5, 10, 20, 30, 40, 60, 90, 120, 180, 
and 240 minutes after injection. 

Loss of the dye from the circulation was studied by measuring the pulmonary clearance (pul- 
monary arterial—brachial arterial difference), the hepatic clearance (brachial arterial—hepatic venous 
difference) and arm clearance (brachial arterial—axillary venous difference). Synchronous samples 
for extraction were taken from the respective vessels at various plasma levels of the dye. In those 
patients to whom the dye was given in large amounts, urine was collected fractionally during the 
succeeding 24 hours and extracted to measure the renal excretion of the unchanged dye and its 
metabolic breakdown products. 
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The method of extraction of the dye is as follows: 10 ml. samples of blood are withdrawn into 
tubes, each containing a small amount of powdered heparin, and centrifuged at 3000 r.p.m. for 
10 minutes. 1 ml. of plasma is extracted by the successive addition of 2 ml. saturated urea solution, 
4 ml. pure acetone, 0-5 ml. 10 per cent zinc sulphate, and 0-5 ml. 0-5 N. sodium hydroxide, the latter 
two reagents having been standardized by titration against each other to a phenolphthalein end- 
point. After shaking thoroughly between each addition of reagent, the tubes are centrifuged for 
10 minutes at 3000 r.p.m. The supernatant fluid is transferred by means of a Pasteur pipette from 
beneath the surface layer of lipids to a second dry tube and centrifuged for a further 10 minutes at 
the same speed. The optical density of the final supernatant extract is measured spectrophoto- 
metrically against suitable blanks prepared from the untreated plasma and a reagent blank in which 
water is substituted for the plasma. The percentage extraction of the dye is determined by the 
preparation of two solutions, one, untreated plasma to which a solution of dye is added to give a 
final concentration of 10 or 20 mg., and the other in which water is substituted for plasma. 1 ml. 
of each of these two solutions is then extracted as described, the differences in optical density of the 
final supernatants being the percentage extraction. Dilutions of the dye in water, for direct reference 
standards, are prepared from the same batch of dye as used for injection, to eliminate any slight 
variations in concentration and optical absorption that may exist between different batches of the 
dye. The spectrophotometer used to measure the optical density in the present experiments was a 
Unicam S.P. 600 using a filter of 600 mp wave-length. 

Fifty-three determinations of the cardiac output were made on 26 patients with rheumatic heart 
disease, thyrotoxicosis, or essential hypertension. All patients were studied at rest with mild 
sedation. Simultaneous measurements of the cardiac output were made by the direct Fick method 
and by the ear-oximeter method of recording dye dilution curves as used by Korner and Shillingford 
(1955). The ear oximeter was based on the design of Wood and Geraci (1949). The electrical 
output from the red and infra-red cells was balanced by a potentioimeter so that the output from the 
red cell was normally slightly greater than that from the infra-red cell. The passage of contrasting 
blue dye through the ear caused a reduction in the current output from the red cell, which was 
recorded by a direct current chopper amplifier and direct writing recorder. The sensitivity of the 
amplifier was arranged to give a maximum deflection of 5 to 7 cm. at the peak of a normal dilution 
curve. The linearity and base-line stability were within 3 per cent of a full-scale deflection up to 
concentrations of dye of 30 mg. To maintain a constant arterial blood oxygen saturation, patients 
breathed a high concentration of oxygen from a closed spirometer for five minutes before and during 
the recording of the dye dilution curve. A known amount of either a | per cent or 2 per cent 
solution of Coomassie Blue was injected through a cardiac catheter into the pulmonary artery with 
a calibrated syringe. The amount of dye injected varied from 15-30 mg. and two or three syn- 
chronous determinations of cardiac output by the two methods were made. The ear dye concen- 
tration was recorded continuously after the injection for three minutes, at which time brachial 
arterial or antebrachial venous samples were taken. Hematocrit determinations were made on these 
samples and the dye extracted as previously described. The oxygen uptake was determined from 
the closed oxygen-filled spirometer during the recording of the dye curve. Immediately before 
injection of the dye into the catheter, samples of mixed venous blood were taken from the pulmonary 
artery at the same time as brachial arterial samples from an indwelling arterial needle. The blood 
oxygen content was estimated by a modification of the Haldane method and checked by a modifica- 
tion of Gatman’s spectrophotometric method (Wade et al., 1953). 

Repeatability of the cardiac output determinations by the dye was tested by carrying out up to 
five estimations at intervals of approximately five minutes in similar patients. 20 to 30 mg. of a 
1 per cent or 2 per cent solution of the dye was injected into a peripheral vein and the dye dilution 
curve recorded from the ear oximeter. The patient breathed a high concentration of oxygen from 
a plastic face mask for five minutes before and during the determination. The ear dye concentra- 
tion was recorded continuously until blood samples for calibration of the dye curve were taken, 
3 to 4 minutes after the completion of the curve. These samples were used as a plasma dye 
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concentration base-line for the succeeding curve, which was executed at the completion of the 
sample. 

More than 40 patients with congenital heart disease were studied. Their ages ranged from 3 to 
40 years and they included patients with patent ductus arteriosus, atrial septal defect, ventricular 
septal defect, anomalous pulmonary venous drainage, Fallot’s tetralogy, Eisenmenger’s complex, 
Ebstein’s anomaly, and transposition of the great vessels: many were severely cyanosed. Injec- 
tions of Coomassie Blue (4%), ranging from 40 to 150 mg., were given by selective intracardiac 
injection. Peripheral vein injections at the same dose range were utilized as an initial screening 
test in suspected cases of intracardiac shunts. The dye dilution curves were inscribed by the same 
ear oximeter, but the sensitivity of the amplification system was reduced to counteract the effect of 
rapidly fluctuating changes in arterial oxygen saturation due both to the shunts and respiration. 
The reduced sensitivity of the amplifier allowed a steady base-line to be maintained in spite of the 
fact that many of the younger patients were anesthetized during the investigations. With this 
technique it was found that breathing oxygen during the inscription of the curve was unnecessary 
and all anesthetized patients breathed room air. 


RESULTS 


Toxicity. Confirming the previous findings from animal experiments, no toxic reactions or side- 
effects were encountered in any of the 30 subjects initially studied, to whom large doses of the dye 
had been given, nor in any of the subsequent 90 patients to whom the dye has been given. None 
of the patients experienced any subjective effects following the intravenous injection of the dye, 
and heart rate and blood pressure remained completely unchanged. After the intravenous ad- 
ministration of 200 mg. to adult patients the resulting slight blue discoloration of the skin dis- 
appeared within about one or two hours. With larger doses in adults and similar doses per kg. 
body weight in children, a blue discoloration of the skin was produced that disappeared within 
six hours in all patients. 

In Vitro Decay of the Dye. There was no detectable colorimetric difference in extracts of the 
dye at intervals of up to 24 hours. Storage temperature in the range 0 to 20°C. similarly had no 
appreciable effect on the percentage extraction of the dye over a period of 24 hours. 

Dosage and in Vivo Plasma Decay Curves. The rate of disappearance of the dye from the plasma, 
following injections of 25 mg., 50 mg., 75 mg., and 100 mg., was measured in six patients at each 
level of dosage and a representative example of each colorimetric decay curve is illustrated in Fig. 1. 
The rate of disappearance of the dye from the plasma follows a complex pattern involving at least 
two exponential functions. This suggests that several processes are probably involved in the 
colorimetric degradation of the dye and this is at present under further investigation. 

~ Quantitative determinations of cardiac output are usually carried out in the dose range of 15 to 
30 mg. per injection. The decay curve is comparatively steep initially and at this dose range the 
fall-off due to colorimetric decay of the dye is approximately 0-1 mg. |./min. However, with 
calibration samples taken three minutes after injection of the dye the error introduced into the 
determination is only of the order of 5 per cent. With larger doses of the dye the initial slope of the 
colorimetric decay curve becomes progressively steeper, increasing the error introduced into the 
estimations if the direct determinations of plasma level are used. Extrapolation of the semilogarithmic 
curve to zero time, from further determinations of the plasma dye concentration, are essential in 
these circumstances to obtain an accurate estimate of the plasma level at the time required. 

Tissue Clearance. The simultaneous estimation of the concentration of dye in the pulmonary 
and brachial arteries was identical in six patients in whom it was measured. Simultaneous deter- 
minations were also made of brachial arterial and axillary venous concentrations in twelve patients 
and were similarly identical. In three patients, one of whom had frank cirrhosis of liver, simul- 
taneous measurement of the concentration of dye in hepatic vein and brachial artery blood revealed 
no significant difference. These results indicate that the dye does not diffuse in appreciable amounts 
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into the tissues of the lung, liver, skin, or muscle at a rate that can be detected by these methods, 

Excretion. In no patient was urinary excretion of the unchanged dye detected in the 24 hours 
following intravenous injection. It is of interest that the vomit of patients following recovery 
from an anesthetic, during which the dye had been given, contained a relatively high concentration 
of dye. It has since been established by animal experiments that the dye is quantitatively excreted 
in the bile (Thorp, J. M., unpublished observations). 


CARDIAC OUTPUT DETERMINATION BY DYE DILUTION AND DIRECT FICK TECHNIQUE 


The values for the cardiac outputs determined simultaneously by the dye dilution and direct Fick 
methods are shown in Table I. Fifty-three comparisons were made in 26 patients at rest and a 
graphic correlation of these values is presented in Fig. 2. The observations (Table I) marked with 
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an asterisk were excluded from the statistical analysis, due to the abnormally large differences 
between dye determinations in replicate observations, one of which exceeded three times the S.D. 
of differences. In retrospect this was probably due to errors in the transcription of the dye curve. 
The mean cardiac outputs for the Fick and dye methods were 5-71 +0-33 |./min. (S.D.=2-37) and 
5:72+0-36 |./min. (S.D.=2-58) respectively. The standard error of the difference between the mean 
values was 0-11 |./min. and the variance ratio (D/F) was 1-18. The coefficient of correlation 
(0-95) and the regression coefficient (1-04) were both close to unity. 

These findings demonstrate an approximately equal scatter of values about the line of identity 
and the absence of any systematic difference between the values obtained from the two methods. 
Of the 53 comparisons made between the dye and Fick techniques, in all but 12 (23%) the 
dye method gave values within 25 per cent of the determinations by the direct Fick method. The 
total scatter of values by the dye method was between +38 and —57 per cent of those determined 
by the Fick method. These values are similar to those reported by other workers (Hamilton et al., 
1948; Werk6 et al., 1949; Kopelman and Lee, 1951; Eliasch, 1952; Ohmori ef a/., 1952; Doyle 
et al., 1953; Neely et al., 1954; Korner and Shillingford, 1955; and Sekelj et a/., 1958). 

Repeatability of Estimations. The cardiac output was repeated in 46 instances in 20 patients by 
the Fick and dye oximeter methods (Table I). The standard deviation of a single observation of 
the Fick and dye methods was 0-59 |./min. and 0-71 1./min respectively. The dye estimations were 
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TABLE I 
CoMPARISON OF CARDIAC OUTPUT DETERMINATIONS BY DYE OXIMETER AND DIRECT FICK METHODS IN 26 PATIENTS 












































Fick Dy2 Fick Dye Fick Dye Fick Dye 
4-0 41 5-2 6:7 43 3-9 8-0 10-1 
sist _|—_——____—_—_—_— 43 5:8 4-6 4:0 9-6 8-6 
12-4 10-6 — 10-5* 12-9* 
| ———_— ——— 8-0 68 3-8 4-6 a 
2:5 3-4 7-0 4-4 3-6 43 5:3 5:8 
—————$<$<——_—————_——— 5-0 4:5 
8-4 64 6:6 9-4 2:9 2-4 5:2 49 
—_——_——— --|——— — —— 6-6 76 3-1 2:7 
6:2 5-6 3-0 2-1 
——_ ——| —-—_— —— 4-6 7-2 3-1 2-9 3-1 2:7 
2:1 27 5:8 6:0 3-2 2:6 3-7 3-3 
————— — 3:3 2:6 3°5 2:9 
79 8-3 6°5 6:2 Ses 
75 | 68 6°5 4-7 5:1 
——_— | -—-—_——_—_—--|- 5-0 5:2 
4:8 4-7 5:2 46 5-7 49 
5:2 46 44 4:3 —— = 
—— a _ 8-4 8-3 
9-8 10-8 5-6 3°5 8:5 9-3 
12-6 13-5 6:2 41 9-3 9-6 
5-0 7:3 
59 7:3 





Mean S.E. of Mean S.D.1 $.D.2 


Fick (1./min.) 5-71 0-33 2:37 0:59 
Dye (1./min.) mal 0:36 2:58 0-71 


S.D.!—Standard deviation of all observations. ; ; ‘ 
S.D.2—Standard deviation of a single observation calculated from the data in which two or more observations were 
made in individual patients. 


* Observations marked with an asterisk were excluded from the statistical analysis (see text). 


carried out by intracardiac injections. The results of successive estimations of the cardiac output 
by the ear oximeter method, utilizing peripheral vein injections, are shown in Table II. From one 
to five determinations of output were made in 34 patients. The analysis of variance of five succes- 
sive cardiac outputs in five patients are shown in Table III. The standard deviation of a single 
observation for the whole group is 0-62 1./min. which is not significantly different from that calculated 
for dye outputs by intracardiac injections (0-71 1./min.). Of the 34 duplicate estimates made, 7 
(21%) are more than 15 per cent without, 2 (6%) are more than 20 per cent without, but all are 
within 25 per cent of the line of identity. 

Of the 19 determinations between the first and third cardiac outputs, four (21°) are more than 15 
per cent from the line of identity but none are more than 20 per cent from this datum line. 
Between the first and fourth cardiac output determinations, 3 (27%) of the 11 determinations 
made were more than 15 per cent from the line of correlation but all were within 25 per cent of this 
line. In the five subjects in whom five successive determinations of the cardiac output were made, 
all values fell within 15 per cent of the line of identity, but the number of the latter estimations is 
small. 

These values compare well with those of Korner and Shillingford (1955) who found that three 
(21%) of 14 duplicate determinations of the cardiac output by an identical method fell without 
15 per cent but all fell within 25 per cent of the line of identity. Similarly Sekelj et a/. (1958) using 
an ear oximeter method and computor analysis found that 6 (23%) of 26 duplicate determinations 
were greater than 15 per cent but all were within 20 per cent of the line of identity. 

Use of the Dye in Congenital Heart Disease. More than 40 patients suffering from congenital 
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TABLE II 
COMPARISON OF SUCCESSIVE CARDIAC OUTPUT DETERMINATIONS BY DYE OXIMETER METHOD 





Ist determination | 2nd determination | 3rd determination | 4th determination | 5th determination 


























10-8 12-5 = — — 
3-9 4-0 — — — 
2:4 2:7 — — = 

10-9 9-0 — — 
7:3 73 — — es 
64 80 — — = 

10-9 8-8 — — — 
3-6 3-4 — — — 
3-3 3-5 _ -~ — 
6:7 5:7 _ — 
5:3 59 — — -- 

11-4 10-9 — — — 
40 5:3 _- — _ 
3-5 41 — — — 
5-6 48 — — — 
6:2 6°5 68 — _ 
5:0 56 5-4 — — 
8-8 77 76 — — 
12:3 10-8 11-0 — — 

10-9 10-2 9-9 — 

4-4 5-1 5:0 “= 

9-3 8-3 9-6 — — 
6:4 77 8-0 — — 
2:9 2:6 2:6 3-6 -— 

11-9 11-6 10-4 10-0 — 
5:5 6:7 68 6:0 — 
5:8 4:5 49 5-3 _- 
8-7 8-2 7-0 6°8 _— 
69 7:5 7:2 76 — 
5-8 63 5-7 5-6 6:0 
71 6:2 7:3 69 5:7 
2:7 2:7 3-3 2:9 3-1 
715 8-1 8-8 8-0 8-6 
9-3 8-9 79 8-6 9-1 

Mean 6°86 6°79 7:12 6:48 6-70 
S.D. 2:48 2:64 2:28 2:10 2:40 
S.E. of mean 0:43 0:51 0:48 0-46 0-49 
TABLE III 
ANALYSIS OF VARIANCE OF FIVE SUCCESSIVE DETERMINATIONS OF THE CARDIAC 
OUTPUT IN FIVE PATIENTS BY THE DYE OXIMETER METHOD 
D.F. | Sums of Squares Mean Squares 

Between patients... ae 4 10,651 2663 

Between cardiac outputs .. 4 29 7:25 

Residual at zs ee 16 301 18-8 

D.F.=Degrees of freedom. 

heart disease have been studied by means of selective intracardiac injections of the dye. Injection 


doses of 40 to 150 mg. Coomassie Blue were used in conjunction with a reduced sensitivity of the 
amplification system of the recorder as described in the methods. A selection of actual dye dilution 
curves obtained by the ear oximeter method is illustrated in Fig. 3. This study will be presented 


in more detail elsewhere. 
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Fic. 3.—Dye curves recorded by the ear oximeter in congenital heart disease; all right atrial injections. 


A—Atrial septal defect with right-to-left shunt. 
B—Ventricular septal defect with right-to-left shunt. 
C—Atrial septal defect with left-to-right shunt. 
D—Ventricular septal defect with left-to-right shunt. 


DISCUSSION 


The early promise of Coomassie Blue as regards its properties and general biological behaviour 
has been borne out in clinical practice. Its non-toxicity in animals has been confirmed in man, and 
its ease of extraction and estimation are noteworthy. The absence of any but transient coloration 
of the skin has obvious advantages. However, the rate of colorimetric degradation of the dye is 
not too rapid to preclude the calibration of dye dilution curves for the quantitative estima- 
tion of cardiac output by the ear oximeter method. Determinations of the cardiac output by the 
direct Fick method simultaneously with that by the dye method have been found to agree closely. 
The repeatability of cardiac output determinations by the dye method has also proved satisfactory. 
The absence of toxic effects and prolonged skin coloration allow the use of relatively large amounts 
of the dye both at one time and repeatedly. This character of the dye has been advantageous in its 
application to the investigation of congenital heart disease. Relatively large doses of the dye, in 
conjunction with a reduced amplification of the ear oximeter response to overcome fluctuations of 
the base-line due to changes in oxygen saturation, allow the recording of satisfactory dye dilution 
curves even in patients with severe cyanosis. 


SUMMARY 


Coomassie Blue has been found to be entirely suitable for dye dilution studies in man. 

No toxic effects have been observed even after the administration of large intravenous doses of 
the dye and there is no staining of the skin. 

It is easily extracted from plasma and this facilitates the calibration of dye dilution curves. The 
dye has been found to be suitable for the inscription of dye dilution curves by means of an ear 
oximeter. 

Cardiac output determinations from such curves show close agreement with those obtained 
simultaneously by the direct Fick method. Repeated determinations of the cardiac output by 
peripheral venous injections show only a small range of variation. 

The combination of large doses of dye and reduced sensitivity of the recording system, to 
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overcome base-line instability due to changes in oxygen saturation, makes this dye eminently suit. 
able for the study of congenital heart disease. 


The authors are greatly indebted to Professor J. McMichael for his continued help during the preparation of the 
paper, to Dr. J. F. Goodwin for his co-operation in studies on his patients, and to Dr. K. Cotton for help with the 
Statistical analysis. 

The samples of Coomassie Blue were supplied by Imperial Chemical Industries Limited. 


REFERENCES 


Davis, H. A., Al-Fadley, W., and Gibson, L. H. (1958). Proc. Soc. exp. Biol., 98, 345. 

Doyle, J. T., Wilson, J. S., LePine, C., and Warren, J. V. (1953). J. Lab. clin. Med., 41, 29. 

Eliasch, H. (1952). Scand. J. clin. Lab. Invest., 4, Suppl. 4. 

Fox, I. J., Brooker, L. G. S., Heseltine, D. W., Essex, H. E., and Wood, E. H. (1957). Proc. Mayo Clin., 32, 463, 

Hamilton, W. F., Riley, R. L., Attyah, A. M., Cournand, A., Fowell, D. M., Himmelstein, A., Noble, R. P., Reming- 
ton, J. W., Richards, D. W., Wheeler, N. C., and Witham, A. C. (1948). Amer. J. Physiol., 153, 309. 

Kopelman, H., and Lee, G. de J. (1951). Clin. Sci., 10, 383. 

Korner, P. I., and Shillingford, J. P. (1955). Clin. Sci., 15, 417. 

Kramer, K., and Ziegenriicker, G. (1957). Klin. Wschr., 35, 468. 

Lacy, W. W., Ugaz, C., and Newman, E. V. (1955). Circulat. Res., 3, 570. 

Mellette, H., Booth, R. W., Ryan, J. M., and Rieser, G. F. (1958). J. Lab. clin. Med., 51, 441. 

Neely, W. A., Wilson, F. C., Milnor, J. P., Hardy, J. D., and Wilson, H. (1954). Surgery, 35, 22. 

Ohmori, Kenta, Hirosh Sasamoto and Kiyoshi Hosono (1952). Annual Report, Research Committee on Application 
of Artificial Radioactive Isotopes in Japan, 2, 141 and 145. 

Sekelj, P., Bates, D. V., Johnson, A. L., and Jegier, W. (1958). Amer. Heart J., 55, 810. 

Taylor, S. H., and Thorp, J. M. (1959). Brit. Heart J., 21, 492. 

Wade, O. L., Bishop, J. M., Cumming, G., and Donald, K. W. (1953). Brit. med. J., 2, 902. 

Wassen, A. (1956). Scand. J. clin. Lab. Invest., 8, 189. 

Werko, L., Lagerloéf, H., Bucht, H., Wehle, B., and Holmgren, A. (1949). Scand. J. clin. Lab. Invest, 1, 109. 

Wood, E. H., and Geraci, J. E. (1949). J. Lab. clin. Med., 34, 387. 





{ 
, 


SCT a ST 














2, 463. 
>ming- 


+ wert 


OG tet RI 


ication | 














A TWIN OSCILLOSCOPIC VECTORCARDIOGRAPH 
BY 


A. J. V. CAMERON,* T. D. V. LAWRIE, AND J. H. WRIGHT 


From the Department of Cardiology, Royal Infirmary, Glasgow 


Received December 20, 1958 


Any constant electrical force can be regarded as a vector quantity and can be represented by a 
straight line with magnitude, polarity, and direction in space. A force that is continually varying 
in magnitude and direction can be represented by a succession of such vectors drawn from a com- 
mon origin or zero point. The free ends of these vectors can then be joined to form a loop. This 
loop begins with the onset of the force and returns to its origin when that force ceases. 

The fundamental concept of vectorcardiography is that the varying electrical field of the heart 
can be considered in this way and that a three-dimensional vector loop can be constructed around a 
hypothetical electrical centre of the heart. At any instant the summation of electrical activity of 
the heart may be represented by a vector. The spatial vector loop or vectorcardiogram is traced 
out by the free ends of a continuous succession of these instantaneous vectors drawn from a com- 
mon origin. This loop indicates from moment to moment the orientation and magnitude of the 
mean cardiac vectors. In the normal cardiac cycle there are three vector loops, the P loop repre- 
senting atrial depolarization, the QRS loop representing ventricular depolarization, and the T 
loop representing repolarization. 

In practice a three-dimensional loop cannot be recorded directly and is usually analysed by 
means of its two-dimensional projections on suitable planes of the body such as the frontal, hori- 
zontal, and sagittal. Ordinary scalar electrocardiographic leads lying in these planes, when given 
vector direction, can be regarded as linear projections of the respective planar loops and vector 
loops can be constructed from suitably chosen leads. 

All vectorcardiograms are, in fact, derived from scalar electrocardiograms and as the vector- 
cardiogram is a spatial representation of the cardiac electrical field, it is necessary to select three 
leads representing X, Y, and Z co-ordinates. Pairs of these leads, XY, YZ, and ZX, define the 
planar vectorcardiograms which are projections of the spatial vectorcardiogram. 

Einthoven introduced the string galvanometer for the study and measurement of the electrical 
currents generated by the heart muscle, and thus helped to lay the foundations of electrocardio- 
graphy. His concept of the equilateral triangle and the measurement of the resultant manifest 
vector in the frontal plane was based on physical and mathematical principles, which formed a basis 
for vectorcardiography. His work on this subject was limited by the lack of a suitable recording 
instrument. 

In 1920, Mann constructed a monocardiogram, based on the principles of Einthoven’s equi- 
lateral triangle, by using photographic enlargements of the standard limb leads. These enlargements 
were measured at intervals of 0-01 sec. and the measurements of the voltages were so arranged that 
at any moment the voltage of lead II equalled the algebraic sum of leads I and III. By plotting 
these points at 0-01 sec. intervals, and joining them up he obtained a curve or loop which he called 
the monocardiogram. This was a laborious procedure and in 1938 he devised the monocardiograph 
for constructing the loop instrumentally. This instrument consisted of four parts. 


* Present address—Western Infirmary , Glasgow. 
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1. An amplifier, which amplified the currents obtained from the surface of the body. 

2. A galvanometer, which responded simultaneously to these currents, corresponding to the 
three leads of the electrocardiogram. 

3. An optical system, which magnified the deflection of the galvanometer. 

4. A camera. 


The introduction of oscilloscopic recording was the next great advance in vectorcardiography. 
By this means it was possible to take two leads in one plane acting vectorially at right angles to each | 
other and to apply them to the X and Y plates of a cathode ray oscilloscope. The spot then traced | 
the loop, being activated by both transverse and vertical lead voltages. Several workers, apparently | 
unaware of each others work, used the cathode ray oscilloscope for recording the vectorcardiogram. 
(Schellong, 1939; Wilson and Johnston, 1938; and Hollmann and Hollmann, 1939.) 

Since then, several groups in Europe, Duchosal and Sulzer (1949), Rochet and Vaastesaeger 
(1944), Donzelot et al. (1950), Jouve et a/. (1950), and Burger and van Milaan (1946, 1947, 1948), and 
in America, Burch et a/. (1953), Grishman and Scherlis (1952), Milnor et a/. (1953), and Frank and 
Schmitt, have employed instruments of their own design. The variations in instruments are wide 
and relate mainly to attempts to study the particular aspects of the problems of vectorcardiography 
in which each group is interested. Some instruments are also unduly restricted in the choice of 
component leads and polarity. 
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Fic. 1.—Diagram showing main features of vectorcardiograph. For further details see text. 
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Fic. 2.—Vectorcardiograms from a case of mitral stenosis to illustrate time-marking at 200 
cycles per second and direction of rotation of QRS loop (see text). P loops, due to 
atrial hypertrophy, are well seen in the sagittal and frontal projections. The magnifi- 
cation was 14 times standard. 
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Fic. 3.—Vectorcardiograms from a case of anteroseptal myocardial infarction. The top row is at a 
magnification of twice standard, the bottom row of thrice standard, to show details of the 
isoelectric point and P and T loops. HOR=horizontal, SAG=sagittal, FRO=frontal. All 
vectorcardiograms were taken by the cube system (Grishman and Scherlis). 

Good photographic records have been hard to obtain because of central halation obscuring the 
initial and terminal parts of the loop and the difficulty in having satisfactory control of the photo- 
graphic exposures, especially with rapid heart rates. 

With these and other problems in mind, it was decided to design an instrument primarily for 
vectorcardiographic research. It was thought that simultaneous recording of at least two vector 
loops was desirable. Lead connections, switching and polarity arrangements were made as versatile 
as possible. A combination of visual and automatic recording was devised, together with time- 
marking and direction-marking of loops. We should like to present certain details of the instrument 
that we have designed, in co-operation with the Cambridge Instrument Company, Ltd. 
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FiG. 4.—Vectorcardiograms from a case of hypertensive heart disease, taken by the 
unipolar system of Donzelot et al. (1950) with electronegative convention. 


The basic features of the machine are shown in Fig. 1. Cardiac electromotive forces from the 
patient (scalar components or leads) are fed into three pre-amplifiers. These are of the balanced 
type with step amplification and a maximum gain sufficient to give 10 cm. per millivolt on the display 
tube. Correction factors can thus be applied to any scalar component of the vectorcardiogram as 
desired. The appropriate signals are then passed into the amplifiers of two cathode ray oscillo- 
scopes and applied to the X and Y plates of the tubes. Suitable combinations of two of the three 
signals produce the frontal, horizontal, or sagittal loops and any two of these may be viewed 
simultaneously. Alternatively, one vector loop and one scalar component can be displayed. 

A time base deflection can be superimposed on the display tube. In this way the vector loop can 
be made to move across the screen during its generation. This is often useful in the analysis of the 
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FiG. 5.—Vectorcardiograms from a case of hypertensive heart disease, taken by the unipolar 
system of Donzelot et al. (1950) with electronegative convention. 
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initial and terminal portions of the loop which tend to be obscured in the central halo. It is also 
helpful in determining the direction of rotation of the loop. A scalar signal along with the time 
base provides a display of the scalar electrocardiogram. 

A directional time marker can be introduced to break the trace at intervals of 50 or 200 cycles 
per second. The vector loop then appears as a series of dashes. Each dash has a thin tail and a 
thick head, the movement of the spot being from tail to head. This device gives a time scale and 
also indicates precisely the direction of rotation of the loop (Fig. 2 and 3). 

A camera is incorporated in the instrument and the loops can be photographed under visual 
control with or without the aid of a triggering mechanism. The records are taken on 60 millimetre 
photographic paper or film. In addition to single frame records of the loops, it is also possible 
to take continuous records on moving film (Fig. 4 and 5). 

The technical difficulties of photographic recording have been largely overcome by two electronic 


circuits, one for brightness modulation and the other for automatic triggering. The brightness | 


modulator causes the trace to be brightened when the spot is moving rapidly and dimmed when it is 


moving slowly or is static. This largely eliminates central halation and ensures that both the rapid | 


QRS loop and the slower T loop are equally clearly defined. The triggering device causes the trace 
to be visible for one complete cardiac cycle and to be extinguished for the succeeding two cycles, 
The duration of the visible tracing is shown by a pilot light on the control panel. Thus, the operator 
can easily work the mechanical shutter of the camera during the off period. During photography 
the loop can be seen through an observation panel on the front of the instrument. 


The lead connections have been made versatile. Any desired combination of unipolar or bipolar | 


leads can be applied to the pre-amplifiers and polarity can also be adjusted to suit the required 
convention. The choice of reference frames is, therefore, completely optional. 
The instrument is mounted on casters, and may be wheeled to the bedside. 


SUMMARY 


A brief account of the theory of vectorcardiography and methods of recording vectorcardio- 
grams is given. 
A new vectorcardiograph is described. Illustrative tracings are shown. 


We should like to thank Dr. M. C. Marsh, Mr. H. Beck, and Mr. G. P. Naylor, of the Cambridge Instrument 
Company, Ltd., for their co-operation in the design and construction of this instrument. 
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Failure of the heart is frequent in old people. The clinician often assumes that myocardial 
ischemia is invariably a factor in its etiology (Bedford and Caird, 1956); but sometimes the 
pathologist can neither confirm this diagnosis nor suggest any other adequate explanation. Faced 
with this common clinical problem we decided to collect data about such cases, in the hope of clari- 
fying their etiology. 


MATERIAL AND METHODS 


The study has been based retrospectively on 50 consecutive necropsies on patients who died, 
at an age of 70 years or more, with heart failure for which the clinician could find no adequate 
explanation. Thus, cases were excluded from the series if they showed evidence of valvular 
disease (other than “functional”? mitral or tricuspid regurgitation), anemia (hemoglobin of 10 g. 
per 100 ml., or less), emphysema, malnutrition or vitamin deficiency, thyrotoxicosis, or ischemic 
heart disease (history of angina pectoris or cardiac infarction, or electrocardiographic evidence of 
infarction). Cases in which heart failure was merely a terminal complication of some other con- 
dition, such as pneumonia or surgical operation were also excluded. 

Cases were accepted in which there was evidence of either left ventricular failure (dyspnea, 
orthopneea, and bilateral basal fine rales not attributable to pneumonia) or right ventricular failure 
(oedema and jugular venous congestion). In fact, most patients showed both and there was isolated 
left ventricular failure in two only and isolated right ventricular failure in six only. 

It became obvious that a proper assessment of the importance of various common conditions 
—hypertension, coronary disease, and brown atrophy, for example—would require some standard 
by which to estimate their general incidence in the elderly. Each heart failure subject was therefore 
matched by the next person of the same sex and age (+3 years) who came to necropsy without 
evidence of heart failure, and also without any of the clinical conditions specified earlier as possible 
causes of heart failure. Patients were excluded from the control group if their hospital admission 
or death was due to any disease likely to be related to atheroma, hypertension, or cor pulmonale. 

In any retrospective controlled investigation it is essential to know whether observations were 
made with equal thoroughness in the two groups. In the present study this may not have been 
achieved with regard to some of the clinical data; such instances will be discussed as they arise. 
With regard to the necropsy reports it can fairly be claimed that, whether or not there was any 
heart failure, a standard routine was followed in all cases. The procedure for examining the heart 
consisted of incising all chambers, then inspection of the valves, followed by opening up the cham- 
bers, measuring the valves, making several transverse cuts across the main coronary arteries and 
their larger branches, and incising the walls of the ventricles. The observations that will be pre- 
sented have been restricted to those regularly included in this standard routine. One of us con- 
ducted all but 11 of the necropsies; the remainder (6 on cases of heart failure, and 5 on controls) 
were undertaken by Dr. J. Guthrie. 
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RESULTS 


The 50 subjects comprised 18 men and 32 women. Analysis of their age distribution (Table 1) 
shows that the excess of women occurred among those aged 80 years or more. 








TABLE I 
AGE OF SUBJECTS AND CAUSES OF DEATH ; 
Number of subjects Number of cases 
CO i. ao ee Cause of death a ees 1an% _ 
Men Women Heart failure group Control group 
70-74 .. os 4 7 Heart failure... “es 33 — 
75-719 .. veh 10 Acute infection .. ‘ 7 17 
80-84 .. ah 9 Neoplasm sa 5 16 
85-89 .. «1. = 4 Pulmonary embolism 3 6 } 
90 and over... 0 2 Acute surgical conditions y 4 7 
Mean age ~~ 77 years 83 years Hzmatemesis 0 4 








Estimation of the duration of heart failure was often made difficult by the patients’ mental state. 
Among the 37 who could give a reasonably clear history, 16 (43°) had had heart failure for a 
year or more before hospital admission, and 9 (24°) for less than three months. No clear 
correlation could be discerned between the duration of failure and any of the other features to be 
described, apart from a tendency towards a longer duration in those with heavier hearts. Survival 
after hospital admission was mostly brief, three-quarters of the cases (both men and women) dying 
within one month. 

The causes of death are set out in Table I; there were no important differences between the sexes. 
In many of the deaths attributed to heart failure, bronchopneumonia was a contributory cause. 

Table II describes the incidence of various types of cardiac rhythm. Ectopic beats occurred 
with equal frequency in the two groups; and auricular fibrillation also was not uncommon among 
the controls. 

TABLE II 
Types OF CARDIAC RHYTHM 





Number of subjects 








Type of rhythm Men Women 
Heart failure ; Control Heart failure - “Control 
Sinus rhythm ae a 9 15 12 23 
With ectopic beats... 2 2 5 4 
Auricular fibrillation .. 6 1 14 5 
Idioventricular aa 1 0 1 0 





Auricular fibrillation occurring in old people in the absence of valvular disease or thyrotoxicosis 
is usually ascribed to myocardial ischemia, whether or not there is independent evidence for this. 
The incidence at necropsy of major coronary disease (i.e. significant stenosis or an occlusion or 
myocardial infarction or fibrosis) in cases with and without auricular fibrillation is shown below: 
data for heart failure and control subjects have been combined. Major coronary disease was 
found in 31 per cent of those with auricular fibrillation, and in 30 per cent of those without 
fibrillation. 


Fibrillation present Fibrillation absent 
Major coronary disease present ne 8 
Major coronary disease absent ‘i sxe 18 52 
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Equally there was no evidence of an association between auricular fibrillation and cardiac 
hypertrophy or atrophy at necropsy. It appeared nevertheless that fibrillation tended to be associ- 
ated with dilatation of the heart: all but 1 of the 13 patients in this group in whom the chest was 
X-rayed showed an increase in the transverse diameter of the heart, as compared with only 25 out 
of 40 of those without fibrillation. 

Of the two patients with complete heart block, one had severe coronary disease and a fibrotic 
myocardium. In the other, however, the heart appeared completely normal at necropsy, and 
sections of the atrio-ventricular bundle showed no evidence of disease. 

The reliability of data on blood pressure distribution (Table III) is open to criticism. The figures 


TABLE III 
BLOOD PRESSURE DISTRIBUTION 





Number of subjects 








Blood pressure Men Women 
(mm. mercury) i are ne Sot em eR Ee 
Heart failure Control Heart failure Control 
Systolic 
100-119 3 4 5 1 
120-139 .. st 2 | 5 6 
140-159 .. ~ 8 8 9 10 
160-179 .. ie 2 2 7 4 
180-199 .. 1 0 2 6 
200 and over : 0 1 Z 1 
Mean systolic .. 142 mm. 141 mm. 147 mm 150 mm. 
Diastolic 
60-79 .. 3 5 5 10 9 
80-99... 3 10 8 14 14 
100-105 .. oss | 3 6 5 
Mean diastolic .. 82 mm. 83 mm 86 mm 82 mm 





taken were those recorded by the houseman at the time of the patient’s admission to hospital, 
except where these were obviously out of line with values recorded earlier or later. In 10 patients 
(4 with heart failure and 6 controls) it was obvious that the patient was shocked or severely ill 
when the blood pressure was measured: data from these have been excluded. Comparison 
of the distribution in the various groups indicates little difference between those with and those with- 
out heart failure, apart perhaps from a slight downwards shift of systolic levels in the women with 
heart failure. Calculation of the standard errors confirms that the various means do not differ 
significantly. There was no evidence in any group of a tendency for blood pressure to increase 
with age, which agrees with the findings of Master et al. (1957), who studied arterial pressures in 
healthy old people. 

Whereas the clinical observations did not suggest that many of these patients had had hyper- 
tension, a different conclusion is suggested by examination of their heart weights at necropsy 
(Table IV). Men with heart failure clearly tended to have heavier hearts than their controls 
(difference between means=2-99 xS.E., P<0-01); the difference was less in the case of women 
(1:50 S.E., P<0-1, >0-05). The blood pressure as measured at the time of admission to hospital 
gave little or no indication of the weight of the heart. In two patients with very heavy hearts 
(>500 g.) the blood pressures were known a year before the onset of failure, and were respectively 
only 180/80 and 150/95 mm. A number of control patients also had heavy hearts, despite normal 
blood pressures at the time of their admission. 

There was some evidence of an association between heart weight and the duration of failure 
prior to admission. The mean duration for those with heavy hearts (400 g. or more for men, 
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TABLE IV 
HEART WEIGHTS AT NECROPSY 
The numbers with a diastolic pressure of 100 mm. Hg or more are given in brackets 





Number of subjects 





Heart weight Men Women 
(g.) ee pepe Td eee rice 
Heart failure | Control Heart failure Control 
150-199 1 0 0 3 
200-249 0 6 (3) 8 (2) 9 (3) 
250-299 2 4 7 (2) 7() 
300-349 2 3 6 6 
350-399 2 (1) 1 4 (1) 3 
400-449 l 0 4 2 (1) 
450-499 = 3 2 3 (1) 1 
500 and over é y 0 1 
Mean weight 436 g 320 g. 324 g. 295 g. 





350 g. or more for women) was 7:5 months, as compared with 4-7 months for those with smaller 
hearts: the standard error of the difference is 3-4 months, P<0-2, >0-1. There was no correlation 
between heart weight and the order in which the ventricles appeared to have failed, nor between 
heart weight and the severity of coronary disease. Hypertrophy of the heart usually involved both 
ventricles, but especially the left. In only two instances was there isolated hypertrophy of the right 
ventricle. Both of these showed emphysema, and one (a control) also showed hyalinization of the 
walls of the smaller pulmonary arteries. 


The frequency of heart failure in patients with small hearts is also noteworthy; this was especially | 


common among the women. It is contrary to the experience of Sonnek (1954), who says that “the 
small atrophic heart commonly found in old people does not go into congestive heart failure; it is 
the larger heart which fails”. 

Data on the severity of coronary artery disease are presented in Table V. The incidence of 


TABLE V 
INCIDENCE OF CORONARY ARTERY DISEASE AT NECROPSY 





Number of subjects 








Severity of disease Men Women 
Heart failure | Control | Heart failure | Control 
Slight or absent R me 4 2 11 | 20 
Moderate (no stenosis) Fy 6 15 15 8 
Stenosis (no occlusion) SF 6 1 3 4 
Occlusion sg - 3 2 0 3 0 
Total number .. es iia 18 18 | 32 32 
Calcification .. as ne 4 3 | 3 1 
Infarction or ischemic fibrosis 10 3 8 3 





infarction or ischemic fibrosis was higher in the heart failure group (36°), although not small 
(16°%) among the controls. The figures for coronary calcification were 24 and 8 per cent respect- 
ively, and for coronary stenosis or occlusion they were 28 and 10 per cent. The excess incidence 
of coronary stenosis or occlusion in the heart failure group occurred chiefly in the men. The total 
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incidence of major coronary artery disease (coronary stenosis or occlusion, or myocardial infarction 
or fibrosis) was 38 per cent in the heart failure group, and 22 per cent in the controls. 

Brown atrophy of the myocardium is sometimes regarded as a possible cause of heart failure. 
Its incidence in the present series was 20 per cent among heart failure subjects and 36 per cent in 
the controls. The incidence of fatty change and of cloudy swelling was almost identical in the two 

roups. 

. There remains a large group of patients in whom necropsy revealed no explanation for heart 
failure. After excluding (a) patients with a diastolic blood pressure of 100 mm. or more, (b) those 
with heavy hearts (400 g. or more for men, 350 g. or more for women), and (c) those with major 
coronary disease (as defined earlier), there remain still 3 men and 15 women. The average weight | 
of their hearts was 248 g.; they had no valvular disease, nor did they show evidence of right ventricu- 
lar hypertrophy, significant pulmonary disease, or disease of the thyroid gland. Their average ' 
age was 79 years (2 years below that for the whole series). 

Electrocardiographic records were available in only 12 of the 50 subjects. Apart from the con- 
firmation of the nature of arrhythmias, the abnormalities comprised left ventricular strain (9 
patients), general flattening of T waves (1 patient), and bundle-branch block (3 patients). 


DISCUSSION 


This study represents an attempt to assess the frequency of certain clinical and pathological 
features in old people with heart failure of obscure cause. All were fatal hospital cases, and con- 
clusions as to the frequency of the various conditions observed cannot therefore be transferred to 
the wider population of the aged whose hearts are failing; for, as Bedford and Caird (1956) have 
shown, many such cases follow a comparatively benign course. 

Within the study, comparisons have been drawn between the subjects with heart failure and control 
subjects who were matched for age and sex. The latter are not, however, a random cross-section 
of the population, but were selected by virtue of their having suffered from some fatal disease. The 
latter must certainly have influenced the state of their cardiovascular system, particularly as regards 
blood pressure, and perhaps also, for example, as to brown atrophy and fatty change in the myo- 
cardium. It seems unlikely, however, to have influenced significantly the two criteria to which 
most importance has been attached: namely, heart weight and coronary artery disease. Care was 
taken to exclude from the control group those subjects whose arrival at necropsy was likely in any 
way to be connected with a condition that might influence these two major criteria. For instance, 
subjects were excluded who died of bronchopneumonia secondary to a stroke or to chronic 
pyelonephritis. 

Criticism may be voiced at the retrospective use of data that were not collected as part of a 
planned investigation. This would certainly be justified with regard to such clinical features as the 
presence of gallop rhythm or systolic murmurs: consequently such observations have not been 
mentioned. Of the data that are presented, some (such as pulse rhythm and heart weight) are 
reliable objective observations. As to the assessment of coronary disease, it must be admitted 
that post-mortem examination of the heart, in the manner described, sometimes leaves one un- 
satisfied. Calcification of the coronary arteries may prevent the observation of stenosis and throm- 
bosis. It is hard to assess the significance of degenerative fibre changes seen with the microscope, 
particularly because it is difficult to define the proportion of the myocardium that is involved. 
Least of all, perhaps, can one make any useful judgement of the state of the nodes and conducting 
tissues. All these matters really require the expenditure of much labour in a specialized laboratory, 
not to mention the acquisition of new knowledge. Meanwhile we cannot deny that we are often 
unable to interpret post-mortem appearances in terms of myocardial function. Nevertheless, it is 
claimed that the necropsy routine followed at this hospital justifies our fairly simple classification 
of the anatomical changes in the coronary arteries; and such bias as may have been introduced by 
observer error would lead to the under-estimation of disease in the control group rather than in 
the heart failure cases, since the hearts of the latter would be scrutinized more carefully. 
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In a group, such as the present, of cases of clinically obscure heart failure, it seems that there are 
three main factors that might be common causes for the failure: firstly, preceding hypertension, 
now abated by the onset of heart failure; secondly, myocardial ischemia that has eluded the physi- 
cian’s search; or thirdly, and as yet uncertainly, some degenerative process associated with ageing 
itself. 

It is generally considered that the onset of heart failure may lead to a lowering of a previously 
high blood pressure (e.g. White, 1951), thus obscuring the true diagnosis in a case seen for the first 
time at this stage. Wood (1956), however, denies this possibility. The data on heart weight pre- 
sented here strongly suggest that almost a half of the patients had had previous hypertension, 
It does not, of course, follow that hypertension was the sole cause of failure in all such patients; 
indeed, a striking feature was the frequency of cardiac hypertrophy in the control group, 16 per cent 
of whom had hearts weighing 400 g. or more. It was clear in both groups that measurement of the 
blood pressure in an ill old person gives practically no indication of heart weight, and hence, by 
inference, of the usual level of the arterial pressure. 

The possibility of clinically undetectable myocardial ischemia has provided the physician with 
an easy diagnosis for all cases of obscure heart failure or auricular fibrillation in old people. Thus 
Bedford and Caird (1956) state, as though it were self-evident, that “myocardial ischemia . . . is 
presumed to be a constant etiological factor in this age-group”. Those of their patients in whom 
there was no ascertainable cause for heart failure are referred to as the ‘“‘normotensive ischemic 
group”. In our series the incidence of major coronary disease was 38 per cent in the heart failure 
group and 22 per cent in the control group. One cannot conclude that coronary disease was the 
cause of failure wherever the two occurred together; but the greater incidence of major disease in 
the heart failure group suggests that it was important in at least a proportion of them. 

The existence of auricular fibrillation did not seem to bear any relation to the presence of major 
coronary disease; indeed, many of the subjects with fibrillation had hearts that at necropsy 
appeared healthy in all respects. Nevertheless, fibrillation was more frequent in the heart failure 
group, and was almost constantly associated with radiological evidence of cardiac enlargement. 

Perhaps the most interesting observation to emerge from this study is the frequency with which 
necropsy on old people with heart failure and normal blood pressure fails to show any anatomical 
abnormality in the heart. In 36 per cent of all patients the coronary arteries showed no major 
disease, the heart weight was normal, and there was no evidence of pulmonary heart disease. 
Brown atrophy, fatty change, and (in life) auricular fibrillation were not more common in these 
patients than in the series as a whole. Previous reports on heart failure in the aged have not 
emphasized the frequency of this type of case. It is not mentioned at all by Gavey (1949), Stroud 
and Wagner (1949), Bedford and Caird (1956), Herrmann and Hejtmancik (1957), Paul (1957), or 
Priest (1957). Lewis (1946) wrote of “the heart that fails in old age without displaying any of the 
major antecedent troubles”’, and commented that ‘the bodily reserves have usually begun to decline 
long since and among them is the cardiac reserve”. It seems, however, that he had in mind cases of 
sudden collapse rather than of chronic congestive failure, for he continued by saying that these 
patients “‘ pass out unobtrusively, after brief illness, or without warning, while sitting in their chairs 
or sleeping in their beds”. Sonnek (1954) merely states in passing that “I have also seen gross 
heart failure with little anatomic change”’. 

In our series chronic failure of a structurally normal heart was common, and it does not seem 
unreasonable to postulate that we may here be dealing with a myocardium that has been weakened 
through some process connected with age itself. The pathologist, by examination of the heart 
alone, cannot tell if a patient has died with heart failure. Campbell (personal communication) has 
taught for years that he cannot distinguish between two large hearts, both from patients with hyper- 
tension, one of whom has died after a road accident and the other after congestive failure. We 
are already familiar in the aged with the paradox of failure of the mind and weakening of the limbs 
that are not reflected post mortem in any visible change in the brain or muscles; and these changes 
afflict individuals of the same age in widely differing degrees. It is possible that a similar obscure 
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weakening may also affect the myocardium. Nevertheless, such a hypothesis must not be too 
readily adopted, lest it should obscure some cause of myocardial failure more specific than mere 
senility. 

It thus appears that, on the basis of the necropsy findings, our cases can probably be divided 
into three etiological groups: first, those with former hypertension; secondly, those with occult 
myocardial ischemia; and thirdly, those with normal blood pressures and with hearts of normal 
appearance. This last entity can perhaps be referred to as “senile heart failure”, provided one 
recognizes that the term “senile” is purely descriptive and does not of necessity imply the absence 
of any more specific underlying cause. It is clear that much remains to be learnt. 

From the clinician’s point of view it is disappointing that our analysis has indicated no means 
of distinguishing in life between these very different types of case. This difficulty does, however, 
serve as a warning against the diagnosis of myocardial ischemia in all cases of clinically obscure 
heart failure in the aged. 


SUMMARY 


An analysis is presented of the clinical and post-mortem findings in 50 patients who died at an 
age of 70 years or more with heart failure for which the clinician could find no adequate explanation. 
They have been compared with a group of 50 patients, matched for age and sex, in whom prior to 
death there was no reason to suspect heart disease. 

The heart failure can probably be divided ztiologically into three groups—former hypertension, 
clinically unrecognized coronary disease, and cases in which the heart at necropsy appeared 
completely normal. The last may possibly be examples of “senile heart failure”. Auricular 
fibrillation, which was common in all etiological groups and also among the control subjects, did 
not appear to be related to coronary disease. 


We are indebted to the consultant staff of Paddington General Hospital for permission to make use of clinical 
data from their patients. 
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Rupture of an aortic aneurysm into the gut is uncommon. The duodenum is most often 
involved, stomach and jejunum being next in order of frequency. Involvement of the cesophagus 
is now decidedly rare probably due to the declining incidence of cardiovascular syphilis. 

We report three cases of aortic aneurysm; two in the abdomen ruptured into the second part of 
the duodenum and one in the thorax into the esophagus. A fistula between aorta and inferior 
vena cava was also present in one of the cases with an abdominal aneurysm; in the other the wall 
of the inferior vena cava was partially eroded. 


CASE REPORTS 


Case 1. This woman, aged 84, was found dead at home: she had, apparently, been in good health for 
the past thirty years. 

Necropsy (P54.086). A small saccular aneurysm (3-0 cm. diameter) arose from the very atheromatous 
aorta 7 cm. distal to the coeliac axis. It contained thrombus and communicated with the second part of 
the duodenum through a hole, 0-5 cm. diameter, at the duodenum end (Fig. 1). The inferior vena cava was 
stretched over the right lateral aspect of the aneurysm and was adherent to it; the initimal surface was dis- 
coloured at this point (Fig. 2). The stomach and duodenum contained about 700 ml. of blood clot. The 
stomach and transverse colon, together with part of the greater omentum, lay in a hernial sac in the left 
hemithorax. The hernial ring (30x 10cm.) did not appear to have caused vascular obstruction to its con- 
tents. A small right indirect inguinal hernia contained a short loop of apparently normal terminal ileum. 
The heart weighed 195 grammes. 

No important abnormality was found in any other organ system. 


Case 2. This man, aged 65, had complained of bilateral lumbar pain for three weeks and the cause of this 
was not determined. No abnormal pulsation was noted in the legs. A radiograph of the pelvis showed the 
changes of Paget’s disease of bone. He was found dead in bed at home. 

Necropsy (P58.086). A saccular aneurysm (8 x 6 x 5 cm.) arose from the right side of the grossly athero- 
matous aorta immediately above the bifurcation. It contained thrombus and communicated with the 
second part of the duodenum through a hole (2 x 1 cm.) 1 cm. below the ampulla of Vater (Fig. 3). Postero- 
inferiorly it joined the inferior vena cava through a hole approximatley 2 cm. diameter (Fig. 4). The 
stomach contained a litre of blood clot and a further 600 ml. of blood and clot were found in the upper part 
of the small gut. A small quantity of blood clot was seen on either side of the aneurysm retroperitoneally. 
A small abscess, approximately 1 cm. diameter, was found in the antero-inferior wall of the aneurysm 
adjacent to the duodenal hole. The heart weighed 295 grammes. 

Apart from evidence of Paget’s disease in the right ilium there was no important abnormality elsewhere. 

Histological examination of the wall of the aneurysm showed atheroma and medionecrosis. One section 
included an abscess containing streptococci. A section of the ilium confirmed the diagnosis of Paget’s 
disease. 


Case 3. This man, aged 69, had been admitted to Bedford Hospital 6 months previously with melena 
and pain between the shoulders. He had had chest pain for a month before which was attributed to 
cardiac ischemia. An aneurysm of the thoracic aorta was found; the Wassermann and Kahn tests were 
positive. A barium meal suggested the presence of a duodenal ulcer. He was readmitted four months 
later with cough and shortness of breath and improved following digitalization. He suddenly collapsed at 
home a month later after vomiting blood. On readmission to Bedford Hospital he was dyspneeic and 
cyanosed with atrial fibrillation, and died a few hours later. 
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Fic. 1.—Aorta on left, duodenum on right, rod in fistula Fic. 2.—Discoloration of inferior vena cava adjacent 
(Case 1). to aneurysm (Case 1). 


Necropsy (Bedford 1505). A fusiform aneurysm 10cm. long was present in the dilated descending 
thoracic aorta. The intimal surface was wrinkled and the lumen contained adherent recent thrombus. 
The aneurysm was adherent to the cesophagus, with which it communicated through a hole 2 cm. diameter 
(Fig. 5). The rest of the aorta showed severe atheroma. The heart was dilated but not grossly hyper- 
trophied; the aortic valve was normal. No evidence of peptic ulceration was found in stomach or duo- 
denum. Bronchopneumonic changes were seen in the right lower lobe. No important abnormality was 
found elsewhere, nor was there any other evidence of syphilis. 

Histological examination of the thoracic aorta showed gross disorganization of the media with patchy 
cellular infiltration. There was also cellular infiltration, mainly by plasma cells, in the adventitia. The 
appearances were those of syphilitic aortitis. 


DISCUSSION 


Rupture of aortic aneurysms is a not infrequent cause of sudden death usually leading to 
hemorrhage into serous cavities or extra-peritoneal tissues. In contrast hemorrhage into a viscus 
from such an aneurysm is rare. Those parts of the gut most frequently involved lie in close 
proximity to the aorta. 

Involvement of the cesophagus is probably the least uncommon: Lemann (1916) reviewed 
592 aneurysms of the thoracic aorta and found fifty that had ruptured into the cesophagus; none 
had ruptured into the stomach. More recently Hirschowitz and Bagg (1951) found five such cases 
reported in the previous twenty-seven years and two others have been added, one by 
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Callenda and Uricchio (1953) and one by Salmons (1954). Thoracic aortic aneurysms are frequently 
due to syphilis; it is likely that rupture into the esophagus will become rare as the incidence of 
cardiovascular syphilis declines. 

However, atheromatous aneurysm of the abdominal aorta is likely to become more common as 
the average expectation of life increases. Such aneurysms rupturing into the gut do so most often 
in the duodenum. Rottino (1943) collected 32 reported examples; a further review by Roll and 
Caudell (1956) revealed 24 others to which they added two more. Skromak et al. (1957) collected 
53 examples, reported since 1843, of aneurysms rupturing into the gut. They give the age, sex, 
and etiology of most of the cases and added two more of their own. We have been able to add 
to these, eight cases of Hirst and Affeldt (1951), one of Renner and Sindelar (1953), one of Roll and 
Caudell (1956), one of Ross and Pheils (1957), and three of our own. 

The site of rupture in 54 of these 69 cases was the duodenum, 42 into the third part, 4 (in- 
cluding our two cases) into the second part, and in 8 the precise site is not stated. Of the 
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Fic. 3.—Duodenal fistula with ampulla of Vater above (Case 2). Fic. 4.—Abdominal aorta and its bifurcation 
opened posteriorly to show arterio-venous 
aneurysm between aorta and inferior vena 
cava (Case 2). 
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remaining cases seven ruptured into the stomach, five into the jejunum, and three into the 
ileum. 

Arteriosclerosis was the cause of the aneurysm in 42 cases, syphilis in 12, tuberculosis in 4, 
“mycosis” in 4, and in 9 it was not stated; some had a double etiology. In the 24 cases 
prior to 1930 eleven were arteriosclerotic (46%); since 1930, 32 of the 45 cases have been due to 
arteriosclerosis (71°). 

Fifty-three of the cases were men. The greatest incidence is in the fifth, sixth, and seventh 
decades but the average age of the cases is rising; prior to 1930 it was 49-9 years, since that date it is 
62:5 years. This parallels the rise in the incidence of arteriosclerosis as the cause of aneurysm. 

Both cases of abdominal aneurysm here reported showed involvement of the inferior vena cava. 
Case | showed a roughening of the intima of the vena cava but no perforation: this is similar to the 
case described by Ross and Pheils (1957). Case 2 showed an arteriovenous aneurysm between 





Fic. 5.—Hole in the cesophagus at level of the tracheal bifurcation (Case 3). 
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inferior vena cava and aorta. The remarkable feature was the dearth of physical signs that might 
have been expected. Boffi (1955) states that spontaneous rupture of an aortic aneurysm into the 
inferior vena cava is an exceptional event: he reviewed the world literature since 1831 and found 
25 cases and added one of his own. Buzzi et al. (1957) describe a case, but were only able to dis- 
cover 10 similar reported cases, all of them included by Boffi in his review. Thus there are only 28 
recorded cases including our Case 2. As far as we can discover no case has been described 
previously in which there has been rupture both into the gut and inferior vena cava. 

The mechanism of rupture of an aortic aneurysm into a mobile structure, such as gut, is not easy 
to understand. The duodenum and csophagus are rather less free to move than other parts and 
hence might be more likely to undergo pressure atrophy from an adjacent aneurysm. Such an 
argument cannot be applied to stomach and jejunum. Some anchoring mechanism probably takes 
place and fixes the gut to the aneurysm before rupture occurs. This may be caused by a small 
hemorrhage leading to an inflammatory reaction with fibrosis though such a mechanism is difficult 
to prove after rupture has occurred. The presence of hemosiderin between the gut and aneurysm 
may indicate hemorrhage either before or after adhesion between gut and aneurysm has occurred. 

Such aneurysms as we have described are now of more than academic interest. Recent rapid 
advances in arterial surgery make extirpation and grafting a possibility provided that early 
diagnosis can be achieved. 


SUMMARY 


Three examples of rupture of aortic aneurysms into the gut are described. Syphilis was the 
cause of the aneurysm that ruptured into the cesophagus and arteriosclerosis of the two that 
ruptured into the second part of the duodenum. 

The two abdominal aneurysms involved the inferior vena cava and in one there was an 
arteriovenous fistula. The mechanism of rupture is discussed. 


We are grateful to Dr. A. M. Barrett for his encouragement and permission to use the necropsy reports, and to Dr. 
J. C. Valentine for the necropsy report of the Bedford case. Case 1 and Case 2 are published by permission of Her 
Majesty’s Coroners for Cambridgeshire. Dr. G. K. S. Roberts kindly translated the Italian paper. 


REFERENCES 


Boffi, L. (1955). Chir. E. Pat. Sper., 3, 73. 

Buzzi, A., Henry, J., and Rossi, D. (1957). Prensa med. Argent., 44, 1527. 
Callenda, D. G., and Uricchio, J. F. (1953). J. Amer. med. Ass., 153, 548. 
Hirschowitz, B. I., and Bagg, L. (1951). Gastroenterology, 18, 361. 

Hirst, A. E., and Affeldt, J. (1951). Gastroenterology, 17, 504. 

Lemann, I. I. (1916). Amer. J. med. Sci., 152, 210. 

Renner, W. F., and Sindelar, J. (1953). J. Amer. med. Ass., 153, 102. 
Roll, W. A., and Caudell, W. B. (1956). A.M.A. Arch. Surg., 72, 295. 
Ross, C. F., and Pheils, M. T. (1957). Gastroenterology, 32, 756. 
Rottino, A. (1943). Amer. Heart J., 25, 826. 

Salmons, J. A. (1954). Gastroenterology, 27, 474. 


Skromak, S. J., O’Neill, J. F., Ciccone, E. F., and Snyder, R. J. (1957). Gastroenterology, 33, 575. 














imp 
dia; 
hyp 
wit 
deg 
rigl 
eta 
of | 
oft 


rot 


L easy 
$ and 
+h an 
takes 
small 
ficult 
rysm 
rred, 
‘apid 
early 


> the 
that 
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In recent years the accuracy of cardiographic diagnosis of ventricular hypertrophy has greatly 
improved, largely as a result of the introduction of multiple chest leads and unipolar leads. The 
diagnosis of left ventricular hypertrophy has presented considerably less difficulty than that of right 
hypertrophy probably because the left ventricle is normally dominant over the right. But even 
with the use of multiple unipolar and bipolar leads, right ventricular hypertrophy of appreciable 
degree not infrequently fails to give any cardiographic evidence of its presence. The criteria for 
right ventricular (R.V.) hypertrophy proposed by Wilson et al. (1944), Goldberger (1947), Myers 
et al. (1948), Sokolow and Lyon (1949), and Myers (1950) are now generally accepted. They consist 
of a dominant R wave in right precordial leads (V1), with a delayed intrinsicoid deflection and 
often with T wave inversion. The R wave may be preceded by a small q wave (Fowler et al., 1952). 
Complete or partial bundle-branch block patterns may also occur. So-called extreme clockwise 
rotation indicated by a dominant S wave in V5, and in many cases a dominant R in VR, completes 
the picture of severe R.V. hypertrophy. In less severe cases many, or all of these signs are absent, 
but the use of lead V4R has resulted in the detection of cases that would otherwise have been missed 
(Myers et al., 1948; and Roseéman, 1950) We have studied the value of lead V4R in R.V. hyper- 
trophy in 252 adult subjects (Camerini et a/., 1956), and found that an Rs pattern in V4R was the 
sole evidence of R.V. hypertrophy in an appreciable number of cases, and we considered V4R to 
be a valuable addition to the cardiographic detection of R.V. hypertrophy. 

Even with the addition of V4R, right ventricular hypertrophy often escapes cardiographic 
detection, particularly when the hypertrophy is acquired rather than congenital. Thus patients with 
mitral stenosis or cor pulmonale (the two commonest causes of acquired R.V. hypertrophy) may show 
little or no cardiographic evidence, in sharp contrast to patients with congenital hypertrophy due 
to pulmonary stenosis or hypertension. 

The cardiographic changes in mitral stenosis and congenital heart disease have been compared 
and contrasted by Cosby et al. (1952 and 1953) who correlated the cardiographic evidence of R.V. 
hypertrophy with R.V. pressure, flow, and work, and noted that in precordial leads gross differences 
were present between mitral disease and congenital heart disease. Abnormal cardiograms appeared 
at lower levels of right ventricular work in congenital heart disease than in mitral disease, and the 
cardiogram was more helpful in predicting R.V. hypertrophy in the former than in the latter group. 
They did not include cases with other forms of acquired R.V. hypertrophy, nor did they have autopsy 
controls. Walker et al. (1955) compared the cardiographic findings with the thickness of the right 
ventricle in 22 cases of R.V. hypertrophy, where the full diagnosis was not given, and found that 
only 5 fulfilled at least one of the criteria of Sokolow and Lyon (1949) for R.V. hypertrophy, but that 
the cardiographic degree of R.V. hypertrophy increased with the thickness of the right ventricle. In 
a subsequent paper (Scott ef al., 1955) the same workers found anatomical R.V. hypertrophy in 8 
of 12 cases with cardiographic right ventricular hypertrophy: 11 of these had diseases likely to cause 
523 
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an increased pulmonary vascular resistance and R.V. hypertension, but measurements were not 
made. Walker et a/. considered that the mass of the right ventricle, pulmonary hypertension, 
increased pulmonary vascular resistance, and possibly cardiac rotation, all contributed to the 
cardiographic picture of R.V. hypertrophy. 

Scott et al. (1955) studied 32 patients with mitral disease, and compared the cardiographic 
patterns with pulmonary artery pressure, pulmonary resistance, and mitral valve area. They claimed 
that if the total pulmonary resistance was 1000 dynes/sec./cm.—5 or more, the cardiogram usually 
showed either incomplete right bundle-branch block or R.V. hypertrophy. If the left ventricle 
was enlarged by mitral regurgitation or aortic disease the total pulmonary resistance might exceed 
this figure without signs of cardiographic R.V. hypertrophy developing. Trounce (1952) found a 
poor relationship between the signs of R.V. hypertrophy in precordial leads and the mean pul- 
monary artery pressure in 35 cases of mitral stenosis. By contrast, Whitaker (1954) found a 
positive relationship between the patterns in V1, and the height of the pulmonary artery pressure, a 
dominant R wave occurring in 9 of 12 patients with mean pressures over 50 mm. Hg. 

Davies et al. (1953) and Goodwin et al. (1955), using a simple cardiographic grading of severity 
of R.V. hypertrophy in mitral disease, found that appreciable or severe cardiographic R.V. hyper- 
trophy only occurred with considerable or gross pulmonary hypertension, and that with moderate 
pulmonary hypertension the cardiogram was often virtually normal, even though tight mitral 
stenosis was present. Thomas (1951) has shown that the cardiogram in pneumoconiosis, in which 
R.V. hypertrophy commonly occurs, may often be normal, and Mounsey et al. (1952) have shown 
that the R wave in V4R may increase during an exacerbation of heart failure in cor pulmonale, 
and then return to normal on recovery, as we have shown in mitral stenosis (Camerini et al., 1956). 

As has already been mentioned, the cardiographic evidence of R.V. hypertrophy in congenital 
heart disease is usually much more striking, probably, as Cosby et al. (1953) have pointed out, 
because R.V. pressures are usually considerably higher in congenital heart disease than in mitral 
and other acquired disease. 

In 1952 Campbell compared the findings in a personal series of congenital heart disease patients 
(Goodwin, 1952) with those of Woods (1952) in the tetralogy of Fallot, and of Trounce (1952) in 
mitral stenosis. He noted that the R wave in V1 was small in the normal and in mitral stenosis, 
being less than 10 mm. in 90 per cent, but in the tetralogy was 10 mm. or more in 80 per cent of 
cases. 

The present work was undertaken with a view to clarifying the cardiographic differences between 
congenital and acquired R.V. hypertrophy, to determine the reasons for the differences, and to 
produce a cardiographic grading of degrees of severity of R.V. hypertrophy that would aid in 
assessment of the severity of the disease, and facilitate diagnosis and prognosis. The study includes 
several forms of acquired as well as of congenital right ventricular hypertrophy, and both patho- 
logical and hemodynamic studies of right ventricular function and pathology have been made. 


MATERIAL AND METHODS 


A total of 117 cases have been studied, 45 having R.V. hypertrophy due to congenital heart 
disease, and 72 hypertrophy due to acquired disease. The number of cases with each diagnosis 
are shown below, and the figures in brackets indicate the 39 cases with necropsy control. 


Acquired Group 


Mitral stenosis - ae Par = .. 51 (13) cases 
Cor pulmonale ‘ ne as 16 (16) cases 
Primary pulmonary hypertension .. ane .. 3(1) cases 
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RIGHT VENTRICULAR HYPERTROPHY 


Congenital Group 


Tetralogy of Fallot .. .. 25 (7) cases 
Pulmonary stenosis with closed ventricular heat 
(pure pulmonary stenosis) Ne ‘ .. 13 (1) cases 
Patent ductus arteriosus, 3 
Pulmonary hypertension with reversed shunt... 7 cases J Ventricular septal defect, 4 
Total a sive ce ona _ .. 45 cases 


Patients with cardiographic evidence of left ventricular enlargement and those with right bundle- 
branch block were excluded. Patients with atrial septal defects were also excluded from the con- 
genital group, because of the tendency to right bundle-branch block, which confuses the 
cardiographic picture. Patients under the age of 7 were not admitted because of the physiological 
cardiographic right ventricular dominance in small children. 

Pulmonary artery pressures and flows were measured by cardiac catheterization in all groups 
except the tetralogy of Fallot and cor pulmonale. 

Cardiac catheterization data were available on all the autopsied cases except those with Fallot’s 
tetralogy and cor pulmonale and 4 cases of mitral stenosis: these last 4 have, therefore, not been 
included in the general comparison between hemodynamic and cardiographic abnormalities. 

Measurements of right and left ventricular thickness were available in 28 cases only: 4 tetralogy 
of Fallot, 7 mitral stenosis, 16 cor pulmonale, and 1 primary pulmonary hypertension. 

Cardiographic Criteria. All patients had 12 lead cardiograms, and most had lead V4R. The 
ventricular complex and T waves were examined in the precordial unipolar leads V4R, V1, V3 and 
V5, and in lead VR. The shape and height of the P waves were noted. The cardiograms were 
recorded with a Sanborn Visocardiette, Cambridge direct writing machine, and Elmqvist and Victor 
photographic instruments. Conventional standardization of 1 cm. = 1 mv. was employed. 

Pathological Criteria. In many cases no exact measurements of right and left ventricular 
thickness were given, but where these were available, a thickness of 5 mm. or more at the right 
ventricular out-flow tract was considered evidence of R.V. hypertrophy according to our previous 
criteria (Pagnoni and Goodwin, 1952; Camerini et al., 1956; and Goodwin, 1958.) A thickness 
of the left ventricle of more than 15 mm. was considered evidence of hypertrophy. The ratio of 
right to left ventricular thickness (RV/LV ratio) was obtained in all these cases. 


RESULTS 
(1) The Ventricular Complex in leads V4R, V5, and VR. 


The distribution of the different patterns in the groups is shown in Tables, I, II, and Ill. A 
predominantly positive deflection in V4R, indicative of R.V. hypertrophy (Camerini et al., 1956), 
occurred more frequently in the congenital than in the acquired series. Over half the patients 
with cor pulmonale or with mitral stenosis had no evidence of R.V. hypertrophy in this 
lead, which we consider to be probably the most sensitive index of R.V. hypertrophy (Camerini 
et al., 1956). All the 3 cases of primary pulmonary hypertension had a predominantly positive 
deflection, and thus resembled the congenital cases, only 2 of which had a mainly negative deflection. 
A gR pattern, which probably represents considerable R.V. hypertrophy, was present in only 5 of 51 
cases of mitral disease, in contrast to 7 of 25 cases of the tetralogy. 

In V5 the reverse was the case, the majority of acquired cases having a predominantly positive, 
and the congenital cases a predominantly negative, deflection. But the contrast between the groups 
was more striking with regard to mitral stenosis, only 7 of 51 cases having the negative or rS deflec- 
tion, in contrast to 16 of 24 cases of Fallot’s tetralogy and 6 of 7 cases of congenital pulmonary 
hypertension. There were interesting differences within the main groups. The cases with cor 
pulmonale resembled the tetralogy in having the rS pattern in 12 of 16 cases, while the cases with 
pure pulmonary stenosis resembled the mitral cases in having it in only 4 of 13 cases. A qR pattern 


occurred in only 9 patients, all with mitral stenosis. 
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TABLE I 


VENTRICULAR COMPLEX IN LEAD V4R 





Predominant 


positive deflection 


Predominant negative or 
biphasic deflection 



























































Diagnosis Rs | R | qgR | SR | Total | rs | aS | Qr | RS | QR | Total pe. 
| | I | | 
Mitral stenosis . . $| 9] 5{ 1] 23] is] 4] 1] 8} o | 28 | st 
Cor pulmonale . . 2*| 2] 0 3 7o $i 3} 24} 2] 0 | 9 | 16 
| 
Primary eed hyper- | 
tension ; 0 3 0 3 ! 0 | |] «4 0 0 0 3 
Pulmonary aan throm- 
bosis .. rf 0 1 0 1] 1] of} o oo}; of} 1 2 
Tetralogy of Fallot 2/10/ 7| 4] 23 1 | o | o/ 1 2 | 2s 
Pure pulmonary stenosis 0 8 | 3 2 3 |} ©}; O}; O}] O} Of Oo 13 
Congenital petnenaty | | | | | 
hypertension . 1 3 3 0 7 0 eo; @;] @] @ Yt 0 7 
| | I 
Figures denote number of cases. 
* One with gRs. t+ One with QrS. 
TABLE II 
VENTRICULAR COMPLEX IN Leap V5 
Predominant positive Predominant negative or | 
deflection biphasic deflection Total 
Diagnosis eet A ee EE a cases 
Rs R | qR | rSR | Total || rS | gS | Qv | RS | QR | Total 
Mitral stenosis .. “ee 7 9 oO | 5 | 0| Oo 2} of 7] s1 
| | } | | | | 
Cor pulmonale .. 2} 2] o| of 4] 9] of] of 3] o | 12 | 16 
Primary ‘oe itl | | | 
tension : 0 0 0 27 1] 0 | oO o; oo} 1] 3 
Pulmonary nid throm- |qRS:2 | | | | | | 
bosis , ee 0 oe; .¢G 2 | 9} O | O | 0 | 0 | oO ] 2 
Tetralogy of Fallot 6* | 2 o| oj} 8 | 10] 1 | o| s|o | 16 || 24% 
lape-) | | | l 
Pure pulmonary stenosis a i 0 0 0 9 || 4 | er & i} @ | 0 4 13 
| 
Congenital pulmonary | 
hypertension .. 1 0 0 0 1 Ss; €@i @ 1 0 6 7 





; Figures denote number of cases. 
* q before R or r in one of each of these. 


+ V5 was not recorded in one case. 
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TABLE Il 


VENTRICULAR COMPLEX IN LEAD VR 





Dominant positive 


Dominant negative or 





| 



































| 
| . . . | 
Diagnosis eae hemes | a = a eae | Total 
| Rs | R | aR | 1S | Total | rS | gS | Qr | RS | QR | Total || 
Mitral stenosis . . } o| o}| S| 1] 6 | 4] 12 | 2} of 3 | 42 | age 
Cor pulmonale .. | 0 8S } 2] 8] 2] 1 | 1} o| 4 8 || 16. 
Primary pulmonary hyper- | | | 
tension - + | Of] Of} OF} OF OF Of OF} 2] OF 1 3 3 
Pulmonary artery throm- | | | | | | | | 
bosis + 0 | 0 o]| Of oO}; of 1 o; 1] 2 2 
Tetralogy of Fallot | of] 1] is | sf ay of] of of o| 2] 2 | ast 
| | 
Pure pulmonary stenosis eo; @i si} 2 5 ! 0; O 7 0 | 1 8 13 
Congenital pulmonary | | | | 
hypertension .. Oo; 0| 4 [i Fh ey Si 8S) ei ee a 7 








groups within the two main groups. 


Figures denote number of cases. 


* VR not recorded in 3 cases. 


+ VR not recorded in 2 cases. 


TABLE IV 


PERCENTAGE OF CASES WITH DOMINANT NEGATIVE OR POSITIVE 
VENTRICULAR COMPLEXES IN LEADS V4R, V5, AND VR 


In VR the patterns resembled those found in V4R, a mainly positive deflection being rare in 
mitral disease (6 of 48 cases), but common in the tetralogy (21 of 23 cases). 
percentages of dominant positive and negative complexes in all groups in the three leads studied. 
When the individual groups are collected into two main groups, congenital and acquired, the 
difference in pattern is significant, as is shown in Table V. 

These patterns suggest a greater degree of right ventricular hypertrophy in congenital than in 
acquired cases, allowing for the differences and inconsistencies between the individual diagnostic 
The possible reasons for this will be discussed later. 


Table IV shows the 





Dominant positive Dominant negative or 



































Diagnosis ____ election biphasic defection” | Total 
| V4R V5 VR | V4R V5 VE 

Mitral stenosis 45% | 86% | 13% || 55% | 14% | 87% | SI 
Cor pulmonale 44y%, | 25% | 50% || sox~% | 75% | 50% | 16 
Primary pulmonary hypertension | 100% | 67% | 0 0 | 33% | 100% | 3 
Pulmonary artery thrombosis | 50% | 100% | 0 50% | 0 | 100% | 2 
Tetralogy of Fallot 92% | 33% | 91% || 8% | 67% | 9% | 25 
Pure pulmonary stenosis /100% | 69% | 38% | O 31% | 62% | 13 
Congenital pulmonary hypertension | 100% | 14% | 71% | Oo 86% | 29% | 7 
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TABLE V 


VENTRICULAR COMPLEX IN COMBINED ACQUIRED AND COMBINED CONGENITAL GROUPS IN 
LEADS V4R, V5, AND VR 

















V4R V5 VR 
____ | Biphasic or | contin | Biphasic or 7 | Biphasic or 
Dominant dominant poy dominant | Dominant | dominant 
: negative : negative negative i 
deflection deflection defiection deflection | deflection deflection | 
; | VR not 
Combined acquired right | recorded in 
ventricular hypertrophy 3 cases 
group 5s ote Be. 34 38 52 | 20 14 55 
V5 not | VR not 
Combined congenital right recorded in recorded in 
ventricular hypertrophy 1 case 2 cases 
group “- as - 43 | 2 | 18 26 31 12 





x2 test .. ee - or 8:5 | 14-8 | 29-2 





Figures denote number of cases. 


(2) The Ratio of Positive to Negative Deflection in the Ventricular 
Complex in leads VR4, V5, and VR. 


The R/S ratios in the three leads in all groups are shown in Table VI. In V4R the range was 
considerable, but the average in the acquired cases, with the exception of primary pulmonary 
hypertension, was roughly one-third of that in the congenital group. Primary pulmonary hyper- 
tension stood out in that the average of 8-1 approximated to that of the tetralogy (6-5), and to pure 
pulmonary stenosis (10-6), rather than to that of mitral stenosis (2-7), or to cor pulmonale (1-31). 







































TABLE VI 
R/S Ratios IN LEADs V4R, V5, AND VR 
V4R V5 VR 
— | povcest Average — — Average | Maxi- — Average 

Mitral stenosis en ws 20 0-13 2:7 25 O2 | 75 | § 0-04 0-8 
Cor pulmonale - we 3 0:2 1-3 6°5 0-6 16 23 0-12 1-2 
Primary ‘weed natal | — 

tension .. : 16 1-4 8-1 2-4 0-6 1-8 23 0:3 | 
Pulmonary artery thrombosis 3 O3 | I7 11 ao | #2 1 | 0-08 0-5 
Average for allacquiredcases | 105 | OS | 34 | 113 | 1:2 | a5 | 27 |- @83 0-9 
Tetralogy of Fallot. . -- | 16 C6 | 635 | 27 02 | 1:2 8 0-9 J 
Pure pulmonary stenosis .. 30 2 106 | § | CS | 28 5 0-3 1-4 
Congenital aed — | 

tension .. 22 a7 | 2 2 0-2 0-8 5 0:8 2-0 





Average for all veaausned 
cases Pa ‘ 22:7 2-4 10 46 0-3 16 6 0:7 2:1 
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The proportion of cases with a monophasic R wave was much greater in the congenital cases 
(approximately 50°) than in the acquired cases (approximately 16%). 

In V5, the average R/S ratio was much higher in the acquired cases (4-5), than in the congenital 
cases (1-6), but primary pulmonary hypertension and cor pulmonale resemble the congenital, 
rather than the acquired, pattern. In VR the average R/S ratio in the acquired cases was half that 
in the congenital groups. 


(3) The Voltage of the R wave in V4R, of the S wave in V5, and of the R wave in VR 


These are shown in the different groups in Table VII. The maximum voltage of the R wave 
in V4R and VR in any acquired case was 15 and 8 mm. respectively, compared with 26 and 14 mm. 


TABLE VII 
VOLTAGE OF R WAVES IN LEADS V4R, AND VR, AND OF S WAVES IN LEAD V5 





| 



































R V4R mm. S V5 mm. R VR mm. 
Mitral stenosis .. =... | 15 0-5 30 | 20 0 | 44 | 6 0 | 16 
Cor pulmonale... .. 6 0 29 | 17 0 | 79 | 6 | 0 | 36 

Primary pulmonary hyper- | 
tension .. - a | 3-5 8-5 8 6 7-0 8 | 2 | 6:0 
Pulmonary artery thrombosis | 6 1 Pe a 1 20 | 4 i @S | 23 
Average for all acquired cases | 10:2 2 #8 | 12 | 18 | 53 | 6 | @8 | #3 
Tetralogy of Fallot. . sts 26 1 128 | 40 0 9:7 | 14 | s | we 
Pure pulmonary stenosis .. 24 2 a7 16 2 | 65 me | | 63 

Congenital pulmonary hyper- | | 
tension .. xP -- | 22 i 2 | 10-3 26 8 | 14-7 11 | oO | 53 
Average for all congenital cases| 24 1-7 10-9 273. | #33 | 103 11-7 3 | F2 





respectively in the congenital cases. In V5 the maximum voltage of the S wave was 20 mm. in the 
acquired group (mitral stenosis), as compared with 40 mm. in the congenital group. The voltage 
of R in V4R, S in V5, R in VR, in the cases of primary pulmonary hypertension resembled the 
congenital group rather than mitral stenosis. The voltage of S in V5 in cor pulmonale resembled 
congenital rather than mitral disease. 

These measurements show a clear trend in the direction of greater R.V. hypertrophy in con- 
genital than in acquired cases, but the range of values in the individual groups is so wide and the 
size of the groups so variable that further statistical analysis would not be likely to clarify the issue. 
Furthermore, the tendency for cor pulmonale (in V5) and primary pulmonary hypertension (in 
all leads) to resemble the pattern in the congenital rather than in the acquired groups makes com- 
parison between the two main groups more difficult. But, in mitral stenosis, the largest acquired 
group, clearly the degree of R.V. hypertrophy tends to be less than in the congenital. 


(4) Praecordial T waves 
In all groups the majority of T waves in leads V3 and VS were positive, flat, or biphasic. In- 
version occurred in V3 in 15 of 72 acquired cases and 8 of 37 congenital cases, and there was thus 
no significant difference between the groups (x2 = 0-17). In V5 only 8 of 64 acquired, and 11 of 
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34 congenital cases showed T wave inversion, but the difference was not highly significant (2 = 
3-62). In the congenital series T wave inversion in V3 and V5 was more frequent in lone pulmonary 
stenosis than in the tetralogy: it occurred in V3 in 3 of 13 cases of lone stenosis (23°%), as compared 
with 2 of 25 cases of the tetralogy (8°%), and in V5 the T wave was inverted in 5 cases of the tetralogy 
(20%), and 4 of lone stenosis (30%). This difference presumably reflected the greater tendency 
for right ventricular embarrassment in lone pulmonary stenosis than in the tetralogy, for in the 
former, the right ventricular systolic pressure may exceed the left. 


(5) Cardiac Rhythm and P waves 


Atrial fibrillation was present in 28 of the 51 patients with mitral disease, in only 2 of the 16 
with cor pulmonale, and in none of the other acquired or the congenital cases. P waves of 2-5 mm. 
or more in height, suggesting right atrial enlargement, occurred in nearly half the cases of Fallot’s 
tetralogy, but much less often in all the other groups, being present in only 3 of the cases of pure 
pulmonary stenosis. Broad and bifid P waves suggesting left atrial hypertrophy were found only 
in mitral cases (13 of 23) in sinus rhythm, and went with right atrial enlargement in 7 of these, 4 
with gross and 3 with moderate pulmonary hypertension. A long P-R interval over 0:2 sec. 
was present in 4 of the acquired cases (2 with mitral disease, | with cor pulmonale, and | with 
primary pulmonary hypertension) and in 5 of 25 cases of the tetralogy of Fallot (Table VIII). 


TABLE VIII 
RHYTHM, P-R INTERVAL, AND P WAVES IN ALL GROUPS 





| Long P-R Atrial 
































Diagnosis | LA+ | TAF | RA+ | ‘interval | fibrillation | Normal 
Mitral stenosis ia aa — | ta 6 | 2 | 2t | 28 8 
| | | H ai 
| | | = a 
Cor pulmonale | 0 | 0 | 1 | (0-22 sec.) | 2 12 
, : | | 1 | 
Primary pulmonary hypertension .. | 0 | 0 ang P-R) (0-22 sec.) | 0 2 
Pulmonary artery thrombosis | 0 | 0 1 | 0 0 1 
Totalacquired  .. .. .. | 7 6 | s | 4 | 30 23 
Tetralogy of Fallot .. 1 o | o ) mu | st | 0 13 
| | | 
Pure pulmonary stenosis | 0 | 0 | 3* with RA+) 0 10 
Congenital pulmonary hypertension | 0 | 0 | 2 0 | 0 5 
Total congenital .. 7 we J 0 | 0 16 | 7 0 28 
RA+ = Right atrial P wave. * Two with prolonged P-R. 
LA+ = Left atrial P wave. + 0:22 sec.; 0:24 sec. (with R and LA+). 
RA+ LA+ = Combined atrial P wave (see text). t 3 cases with P-R 0-24 sec.; 


2 cases with P-R 0-22 sec. (RA+ in 4). 


VARIOUS FACTORS IN RIGHT VENTRICULAR HYPERTROPHY 


The results of further studies to determine the causes for the greater degree of cardiographic 
R.V. hypertrophy in congenital than in acquired disease will now be presented. The following 
measurements have been compared. 


(a) Right ventricular systolic pressure, (i) with voltage of R in V4R in cases with a dominant 
R wave, (ii) with R/S ratio in V4R in all cases, and (iii) with R/S ratio in V5 in all cases. 


te a 


eT 











she 
Fi 





= 
nary 
dared 
alogy 
lency 
n the 


he 16 


lot's 
“pure 
only 
se, 4 
, Sec. 
with 


mal 





iphic 
wing 


inant 





\ 











RIGHT VENTRICULAR HYPERTROPHY 531 


(b) Total pulmonary vascular resistance with R/S ratio in V4R and in VS. 

(c) In the autopsied cases, the ratio of right ventricular to left ventricular thickness with R/S 
ratio in V4R and VS. 

(d) An attempt at grading of severity of R.V. hypertrophy has been made, and this grading has 
been compared with the R.V. systolic pressure, total pulmonary resistance, duration of 
symptoms, and ratio of right and left ventricular thickness. 


(a) Right Ventricular Systolic Pressure 
There is a positive correlation between the height of the dominant R in V4R in those cases 
showing evidence of R.V. hypertrophy in this lead, and the R.V. systolic pressure (C = 0-65). 
Fig. 1 shows the correlation between R/S ratios in V4R and the pressure (C = 0-76). S/R ratios 
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Fic. 1.—Right ventricular systolic pressure plotted against R/S ratio in V4R 
in mitral stenosis, primary pulmonary hypertension, pulmonary artery 
thrombosis, congenital pulmonary hypertension, and pure pulmonary 
stenosis. Correlation coefficient. (C)=0-76. 0 = MonophasicR wave. 
(In patients with an R/S ratio of less than unity, the S/R ratio has been 
plotted for ease of presentation. The correlation coefficient has been 
derived from R/S ratios, including those less than unity.) 


have been plotted instead of R/S ratios when the latter have been less than 1, for clarity of presenta- 
tion. Although there is a significant trend for the R/S ratio to increase with the R.V. systolic 
pressure there is considerable scatter, especially in the mitral cases. Thus a R.V. systolic pressure 
of 60 mm. Hg was associated with R/S ratios ranging from 9 to less than 1. However, when it 
exceeded this level, the R/S ratio was unity or more in all but two cases. The results indicate that 
the R/S ratio in V4R is little guide to the degree of R.V. hypertrophy in the slight to moderate ranges 
of R.V. hypertrophy. By contrast, the congenital cases generally had higher R.V. systolic pressures, 
and the R/S ratio was never less than 1. But in two cases with R.V. systolic pressures between 40 and 
60 mm. Hg, the R/S ratio exceeded 5 in both. 

When the R.V. systolic pressure was plotted against the R/S ratio in V5 a trend was seen in the 
direction of smaller ratios with higher pressures, and there was a poor negative correlation 
(C = —0-45) (Fig. 2). Few mitral cases showed a ratio of less than 1, and this was never seen 
when the right ventricular systolic pressure was below 60 mm. Hg. 

There was a tendency for smaller R/S ratios (larger S waves) in the cases of pulmonary stenosis 
than for the mitral cases for comparable R.V. systolic pressures, suggesting, as in V4R, a more 
severe degree of cardiographic R.V. hypertrophy in the former group than in the latter. This 
difference must be due to factors other than R.V. hypertension. Extreme R.V. hypertension was 
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Fic. 2. Right ventricular systolic pressure plotted against R/S ratio in lead 
VS in the same groups of cases as in Fig. 1. Correlation coefficient 
(C) = —0-45. «© = Monophasic R wave. (The S/R ratio has been 
taken when the R/S ratio was less than unity, as in Fig. 1, and the 
correlation coefficient calculated in the same way.) 


associated with striking R.V. dominance, irrespective of the diagnosis (Fig. 3A), but when hyper- 
tension was moderate, congenital disease tended to produce a greater degree of dominance than 
did mitral disease (Fig. 3B). 


(b) Total Pulmonary Vascular Resistance 


The total pulmonary vascular resistance was calculated by dividing the mean pulmonary artery 
pressure by the cardiac output and expressing the result as simple units of resistance, the maximum 
normal being regarded as 4 units. Fig. 4 and 5 show the pulmonary resistance plotted against the 
R/S ratio in V4R and VS in the mitral cases, in those with primary pulmonary hypertension, and 
in 5 of the 7 cases of congenital pulmonary hypertension. There is a poor positive correlation be- 
tween resistance and R/S ratio in V4R (C = 0-46), and a poor negative correlation between resis- 
tance and the R/S ratio in V5 (C = —0-55). With one exception, a resistance of over 10 units was 
always accompanied by an R/S ratio of 1 or more in V4R, but by contrast, an R/S ratio of greater 
than | was frequently found with a pulmonary resistance of less than 10 units, and in one case with 
a pulmonary resistance of only 4 units. This shows clearly that factors other than pulmonary 
vascular resistance and R.V. systolic pressure are concerned in the production of a dominant 
R wave in V4R. 

In V5, with one exception, a dominant S wave (R/S ratio less than 1) was present only when 
the pulmonary resistance exceeded 16 units, and a dominant R wave (R/S ratio greater than 1) 
was found in only two cases in which the pulmonary resistance exceeded 16 units, and in one of 
these the R wave was only slightly larger than the S._ These results suggest that the R/S ratio in 
V5 may be a better guide to pulmonary resistance than the R/S ratio in V4R, and that the pattern 
in V5 is determined more by pulmonary resistance than by other factors. 


(c) Ratio of Right to Left Ventricular Thickness 


Measurements of ventricular thickness from which the ratio could be derived were available in 
28 cases. In the total group, there was a strongly positive correlation between this ratio and the 
R/S ratio in V4R (C = 0-93), and a less impressive negative correlation with the R/S ratio in V5 
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Fic. 3.—(A) Leads VR, V4R, V1 and V5 in 4 patients with similar systolic pressures in the right ventricle to 
show similar degrees of cardiographic R.V. hypertrophy despite differing diagnosis. (B) The same leads 
in mitral stenosis and in pure pulmonary stenosis show that greater cardiographic R.V. hypertrophy can 
occur in the latter despite R.V. systolic pressure equal to the former. Contrast with Fig. 8A: see text. 
RVSP = R.V. systolic pressure. 
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Fic. 4.—Total pulmonary vascular resistance plotted against R/S ratio in 
lead V4R in mitral stenosis, with or without pulmonary hypertension, and 
in primary pulmonary hypertension. Correlation coefficient (C) = 0-46. 
(S/R ratio plotted as before.) 
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Fic. 5.—Total pulmonary vascular resistance plotted against R/S ratio in 
lead V5 in the same cases as Fig. 4. Correlation coefficient (C) = 
—0-55. « = Monophasic R wave. (S/R ratio plotted as before.) 


(C = —0-48) (Fig. 6 and 7). The correlation between the signs of R.V. hypertrophy in V4R and 
V5 and the R.V./L.V. ratio was least good in the seven mitral cases, probably because four of 
them had some left ventricular hypertrophy in addition to right, which was absent in all but one 
of the other cases. 

The autopsy results therefore suggest that there is some relationship between these cardiographic 
signs of R.V. enlargement and the anatomical degree of R.V. hypertrophy, but that the latter is 
not the sole determinant of these signs. 
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(R.V./L.V. ratio) plotted against R/S ratio in lead V4R or V1 in 
mitral stenosis, cor pulmonale, tetralogy of Fallot, and 
primary pulmonary hypertension. Figure inside circles repre- 
sents actual thickness of right ventricle. Correlation coeffi- 
cient (C) = 0:93. oo = Monophasic R wave. (S/R ratio 
plotted as before.) 
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Fic. 7.—Ratio of thickness of right ventricle to left ventricle 


(R.V./L.V. ratio) plotted against R/S ratio in lead VS in the 
same cases as in Fig. 6. Figures inside circles represent 
actual thickness of right ventricle. Correlation coefficient 
(C) = — 0-48. oo = Monophasic R wave. (S/R ratio 
plotted as before.) 
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(d) Cardiographic Grading of Degree of R.V. Hypertrophy 


It was apparent that no single cardiographic sign provided an adequate assessment of the amount 
of R.V. hypertrophy, or more than a rough correlation with the possible causes, such as R.V. 
systolic pressure, pulmonary vascular resistance, and R.V. thickness. A system of grading was 
therefore introduced and based upon the ventricular complexes in V4R, V1, and V5, as follows. 


Grade 0. Normal ventricular balance. rS in V4R and V1, qR or Rs in V5; dominant negative 
deflection in VR. 

Grade 1. Dominant R wave in V4R only; or dominant S in V5 only. 

Grade 2. Dominant R wave in V4R and V1; or dominant R wave in V4R, with dominant S in V5; 
or R in VR. 

Grade 3. Dominant R in V4R and V1, with dominant R in VR and S in VS. 

Grade 4. Dominant or monophasic R in V4R of 10 mm. or more; with or without QR pattern; 
dominant RV1; dominant SV5; with or without dominant R in VR, and T inversion in 
right precordial leads. 


A dominant S wave in V5, without dominant R in V4R or V1, has been shown often, but not in- 
variably, to result from biventricular hypertrophy (Goodwin, 1958), and was consequently only 
very rarely seen in this series. The rS pattern in V5 often represents a considerable degree of R.V. 
hypertrophy, which is usually accompanied by a dominant R in right precordial leads unless this 
is diminished by associated left ventricular hypertrophy. It is therefore difficult to determine the 
grade of R.V. hypertrophy on the basis of the rS pattern in V5 alone. We have, however, arbitrarily 
assigned the lone rS V5 pattern to grade 1, realizing that it may sometimes represent a more severe 
degree of R.V. hypertrophy, partly masked by left ventricular hypertrophy. 

T wave changes were comparatively infrequent and inconstant, but, when deep T wave inversion 
accompanied a dominant R in right precordial leads and a dominant S in V5, the cardiogram has 
been regarded as grade 4. P wave changes indicating right atrial hypertrophy have not been intro- 
duced into the grading system. 

It is realized that such a grading system cannot be exact in the presence of so many variables, 
and that some cases will not always fit neatly into one of the four grades. However, the system is 
well adapted to the majority of cases. Table IX shows the grade of R.V. hypertrophy in the total 
series. As with the individual signs of R.V. hypertrophy in single leads, the congenital cases show a 
more severe degree of R.V. hypertrophy than the mitral cases. The cases of cor pulmonale occupy 
an intermediate position, half showing signs of appreciable R.V. hypertrophy in contrast with the 


TABLE IX 
GRADE OF RIGHT VENTRICULAR HYPERTROPHY IN ALL GROUPS 


























Grade 
Diagnosis Sc Si arnt it ea i ae, 
0 1 2 3 4 Total 
Mitral stenosis ce me — 23 11 8 F 2 51 
Cor pulmonale me ee “i 4 3 Z 4 5 yu 0 16 o 
Primary pulmonary hypertension. . 0 1 0 1 1 3 
Pulmonary artery thrombosis pe 1 0 1 0 0 2 
Tetralogy of Fallot .. 0 0 4 10 11 25 
Pure pulmonary stenosis 0 1 2 7 3 13 45 
Congenital pulmonary hypertension 0 0 0 4 3 7 
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mitral cases in which the majority showed little evidence of R.V. hypertrophy. Two of the three 
cases of primary pulmonary hypertension showed severe degrees of R.V. hypertrophy similar to the 
congenital cases. 

The grade of R.V. hypertrophy has been compared with the right ventricular systolic pressure, 
total pulmonary vascular resistance, R.V./L.V. ratio, and duration of symptoms. 

As would be expected, the grade of R.V. hypertrophy increased steadily with the R.V. systolic 
pressure, although there was considerable scatter (Fig. 8A). The average R.V. systolic pressure for 
grade 0 R.V. hypertrophy was 43; for grade 1, 55; for grade 2, 75; for grade 3, 79; and for grade 
4,125 mm. Hg. Grade 4 R.V. hypertrophy was never seen with a R.V. pressure of less than 
78 mm. Hg, but grade 3 was seen with a pressure of only just over 40 mm. Hg. There was no 
sharp division between the grades and pressures, but a regular trend was noted. No difference 
was seen between congenital and acquired groups, except a tendency for higher grades of R.V. 
hypertrophy to be associated with lower pressures in pure pulmonary stenosis than in mitral disease. 

The same trends were noted between the grade of R.V. hypertrophy and the pulmonary resistance 
(Fig. 8B and 9). The ranges of pulmonary resistance for grades 0 and 1 were identical, and the 
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Fic. 8.—Cardiographic grade of R.V. hypertrophy in mitral stenosis, primary pulmonary hypertension, pulmonary 
artery thrombosis, pure pulmonary stenosis, and congenital pulmonary hypertension, plotted (A) against right 
ventricular systolic pressure, and (B) against total pulmonary vascular resistance. The average pressure and 
resistance respectively for each grade of R.V. hypertrophy is shown as an arrow within each grade. 


average resistance was only very slightly higher for grade 1 (8 as compared with 6-6 units). There 
was also little difference between grades 3 and 4. There was a distinct difference, however, between 
grades 1 and 2 on the one hand, and grades 3 and 4 on the other, the average pulmonary resistance 
in grade 4 being 25 units, and in grade 1, 8 units. Grade 2 was intermediate, with an average of 
13-8 units. 

The same order of scatter was seen when the R.V./L.V. thickness ratio was compared with the 
grade of R.V. hypertrophy, although there was also a trend towards higher grades being associated 
with greater R.V. thickness, and this was more obvious if the thickness of the right ventricle only 
was considered (Fig. 6, 7, and 10). In particular, the cases of the tetralogy of Fallot showed grade 3 
or 4 R.V. hypertrophy and R.V./L.V. ratios greater than 1. The cases of cor pulmonale also 
Showed a good correlation between R.V./L.V. ratio and grade of R.V. hypertrophy, with the 
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exception of two cases with grade 3 R.V. hypertrophy, a normal R.V./L.V. ratio of 0-3, and 
minimal anatomical R.V. hypertrophy (R.V. thickness, 5 mm.). 

Table X shows the 39 autopsy cases, with the right and left ventricular thickness in the 28 in 
which these were obtained, and the cardiographic grade in each case. Table XI gives the maximum, 


TABLE X 
VENTRICULAR THICKNESS AND CARDIOGRAPHIC GRADE IN 39 AUTOPSY CASES 
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minimum and average R.V./L.V. ratios for each grade of R.V. hypertrophy. The figures in each 
group are too small for statistical analysis, but there is a trend for cardiographic R.V. hypertrophy 
to increase with increasing R.V./L.V. ratios. 

The comparison between duration of symptoms and grade of R.V. hypertrophy showed little 
except that the acquired cases with grades 3 and 4 R.V. hypertrophy had a history of severe symptoms 
of less than five years, sometimes under one year, whereas in the congenital group the history was 
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Fic. 9.—Leads VR, V4R, V1, and V5 in five patients with mitral stenosis, to show that the 
cardiographic grade of R.V. hypertrophy increases with the total pulmonary resistance (TPR). 


TABLE XI 
RATIO OF R.V. TO L.V. THICKNESS AND GRADE OF RIGHT VENTRICULAR HYPERTROPHY IN 28 CASES 
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R.V./L.V. Ratio 
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0:7 0:3 0:50 5 
1-5 0:3 0-73 10 





>) wl n 


rs 





0-9 





1-1 

















540 GOODWIN AND ABDIN 











Diagnosis RN (Lv | Gade RV VR V4R Vi V5 


Mubval 7/12 
Stenosis (0-69) 



































“OV 9/4 
Pulmonale 0-64) ° 















































Teiralogy IB/I4 
of Fallot (1-3) 
































Sleees Bees a 

















} 





Fic. 10.—Leads VR, V4R, V1, and V5, R.V./L.V. ratio, and cardiographic grade of R.V. hypertrophy in mitral 
stenosis, cor pulmonale, and tetralogy of Fallot to show increasing grade of R.V. hypertrophy with increasing 
R.V./L.V. ratio and thickness of the right ventricle. Note the presence of only minimal evidence of R.V. 
hypertrophy on the cardiogram of the patient with mitral stenosis despite increased R.V. thickness without 
left ventricular hypertrophy. (R.V./L.V. ratio = ratio of thickness of R.V. (in mm.) to thickness of L.V. (in 
mm.)) 


longer. Duration of R.V. hypertrophy was assessed on the basis of duration of severe symptoms 
in the acquired group, and the age of the patient in the congenital cases, on the assumption that the 
factors producing R.V. hypertrophy had been present since birth. 


DISCUSSION 


This study indicates the tendency for greater degrees of cardiographic R.V. hypertrophy in 
congenital than in acquired cases, when this is assessed both by individual leads and by grading of 
the complete cardiogram. It also confirms the importance of leads V4R, V5, and VR, in the diag- 
nosis of R.V. hypertrophy. The difference between the acquired and congenital cases is due mainly 
to greater R.V. systolic pressure, pulmonary vascular resistance, and R.V. thickness in the congenital 
groups. The considerable scatter when each of these measurements is compared with the cardio- 
graphic patterns suggests that multiple rather than single factors operate to produce the cardio- 
graphic signs of R.V. hypertrophy. 

Of special interest is the variability between the different groups of cases within the main groups. 
The cases of cor pulmonale showed greater degrees of R.V. hypertrophy than did the mitral cases, 
although they did not generally show a greater R.V. thickness at autopsy. However, no hemo- 
dynamic measurements were available in the cor pulmonale series, and it may be that they had in 
general higher pulmonary resistances than the mitral cases. Also, the three cases of idiopathic 
pulmonary hypertension had higher pulmonary resistances than the mitral cases, and two of these 
showed cardiographic degrees of R.V. hypertrophy resembling the congenital cases. 

In spite of the general tendency for the degree of R.V. hypertrophy to be dependent upon the 
factors already mentioned rather than upon the etiology, there was a slight tendency for the con- 
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genital cases to show a greater degree of R.V. hypertrophy than the acquired for similar levels of 
R.V. systolic pressure, and pulmonary resistance. Possible additional factors that may be con- 
sidered to produce cardiographic signs of R.V. hypertrophy are the duration of hypertrophy; right 
ventricular dilatation, and rotation of the cardiac vector; enlargement of the left ventricle; and 
myocardial disease. 


Duration of Right Ventricular Hypertrophy 


It is difficult to arrive at an accurate estimate in acquired cases, but we have taken the duration 
of severe or disabling, as opposed to slight or trivial, dyspnoea as indicative of the shortest probable 
duration of R.V. hypertrophy. In many cases, however, it will have been present before the onset 
of such symptoms. In the congenital cases it can be assumed that hypertrophy was present from 
birth, and therefore these cases have had it much longer than many of the acquired group. It 
would be expected that the longer the duration of R.V. hypertrophy, the greater its cardiographic 
signs, and this is generally true in the congenital group, although many patients in the younger age 
ranges have such extreme cardiographic R.V. hypertrophy, that it cannot show any increase with 
time. 


In the acquired group, no general trend can be discerned, but it is of interest that the cases with 
extreme (grades 3 and 4) R.V. hypertrophy tended to have a short history of dyspnoea. However, 
a short history was also found in cases with lesser hemodynamic evidence of R.V. hypertrophy. 
Thus the mitral cases with grade 3 or 4 R.V. hypertrophy had a history of severe dyspnoea of less 
than 3 to 5 years, and some less than 1 year, while only one case with this degree of R.V. hyper- 
trophy had a longer history. 

There is, furthermore, a fundamental difference in ventricular balance between the congenital 
and acquired groups. In the congenital group, the pathological R.V. hypertrophy is added to the 
normal R.V. dominance present at birth so that at no time is the left ventricle dominant. This 
must favour the development of striking cardiographic signs, those of pathological R.V. hyper- 
trophy being added to those of physiological R.V. hypertrophy. By contrast, in acquired R.V. 
hypertrophy, the left ventricle is normally dominant for many years, and when R.V. hypertrophy 
develops, it must become considerable before cardiographic signs of it appear. As would be ex- 
pected, when the right ventricle is thicker than the left, striking cardiographic R.V. hypertrophy 
is present, but slighter signs also occur when the enlarged right ventricle is still appreciably smaller 
than the left ventricle. This period of normal left ventricular dominance in the acquired cases 
is likely to be an important factor in determining the lesser degrees of right ventricular hypertrophy 
usually seen in these cases. Also the ratio of R.V./L.V. thickness is usually much greater in the 
congenital than in the acquired cases (Table X). 

The tendency for patients with acquired R.V. hypertrophy and considerable or gross cardio- 
graphic signs to have a short history of dyspnoea suggests that with a previously unprepared ven- 
tricle, a rapid increase in pulmonary resistance may determine a more severe degree of cardiographic 
R.V. dominance, than when the right ventricle has been prepared by a slower development of 
hypertension. But the evidence available is insufficient to permit a definite answer on this point. 


Cardiac Rotation and Ventricular Dilation 


Neither of these factors can readily be measured, but may well be concerned in the production 
of signs of R.V. dominance. Acute dilatation and rotation is thought to account for the cardio- 
graphic appearances in pulmonary embolism, when the principal changes often consist of a deep 
S wave in V5 (clockwise rotation), right precordial T wave inversion, and characteristic changes in 
the standard limb leads. Personal experience has shown that a dominant R wave can also develop 
in V4R in these circumstances, and disappear after a short interval (Goodwin, unpublished 
Observation). It is therefore reasonable to suppose that lesser signs of R.V. hypertrophy may be 
2N 
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due largely to cardiac dilatation, and rotation of the vector, which produces mainly positive forces 


in right precordial leads. We have previously pointed out that a dominant R wave in V4R or i 
V1 need not be due to increased right ventricular thickness (Camerini et a/., 1956). We have also the 
shown that a dominant R wave in V4R has rapidly disappeared after relief of heart failure. This ) 195 
disappearance was too rapid to be due to regression of hypertrophy and must have been due to the 
relief of dilatation. wet 

We believe that the signs produced by dilatation usually consist of a small dominant R wave } mis 


in V4R, and clockwise rotation. Rasmussen and Boe (1951) in a study of the natural history of Fol 
the cardiogram in mitral stenosis considered dilatation of the right ventricle was of major importance | 
in determining the cardiographic changes. Dilatation and rotation may therefore account for } 
some of the discrepancies between R.V. systolic pressure, pulmonary resistance, R.V. thickness, and | 
cardiographic degrees of R.V. hypertrophy. Dilatation and rotation, especially if transient, may 





cause difficulty in the grading of R.V. hypertrophy, since a patient may have a severe degree of R.V. we 
hypertrophy, during or after an episode of heart failure, which may become considerably less after = 
treatment. Itis very probable in these cases that the pulmonary resistance rises considerably during : 
the episode, and then falls after recovery. The increase in cardiographic right ventricular hyper- ~ 
trophy with increase in right ventricular systolic pressure in cor pulmonale during heart failure } ” 
has been mentioned already (Mounsey et al., 1952). 

The greater incidence of extreme clockwise rotation (rS in V5) in the cor pulmonale group than 7 
in the mitral cases is of interest. A decrease in the R wave and increase in the S wave in V6 was ae 
noted by Thomas (1951) in cases with severe right ventricular hypertrophy due to pneumoconiosis. ~ 
It might be suggested that a great degree of dilatation occurred in these cases, but the rS V5 pattern i 
was also a feature in cases of the tetralogy of Fallot in which ventricular dilatation is unusual. } ” 

Associated Left Ventricular Enlargement to" 

The rarity of equal R and S waves, or of a dominant negative deflection in V5 in mitral stenosis ~ = 
is of interest, and may be related to the influence of the left ventricle. We have previously shown ; i 
that the presence of left ventricular enlargement may obscure the cardiographic signs of right oo 
ventricular hypertrophy completely or partially (Pagnoni and Goodwin, 1952; Goodwin, 1958), 
and that an rS pattern in V5 without a dominant R wave in V4R may be due to the suppression of os 
the right precordial R wave by the left ventricular hypertrophy. ri 

In the present series every effort was made to exclude cases with any clinical evidence of left fi 
ventricular hypertrophy. Nevertheless, this may have been present to a modest degree in some cases we 
as a result of slight aortic disease or mitral regurgitation, which were present in a minority. wit 
Associated left ventricular hypertrophy could certainly account for diminished evidence of right 
ventricular hypertrophy, and in many cases of acquired heart disease must be a factor in suppressing ~ 
cardiographic signs of R.V. hypertrophy. Only one of the cor pulmonale patients, however, had ion 
any pathological evidence of left ventricular hypertrophy, whereas 4 of 7 of the autopsy cases of wae 
mitral stenosis had an increase in thickness of the left ventricular wall. This left ventricular enlarge- 0 
ment, even if slight and clinically indetectable because of the much greater R.V. hypertrophy, might be rig 
the cause of suppression of the deep S wave in V5 in mitral stenosis. Conversely, the presence of 4 
an rS in V5 associated with dominant R in V4R in mitral disease argues not only a considerable os 
degree of R.V. hypertrophy and elevation of pulmonary vascular resistance, but also absence of any 8 
left ventricular hypertrophy. G 

In mitral disease, extreme right ventricular dominance is uncommon. The absence of such of 
dominance in mitral cases with other evidence of considerable right ventricular stress, possibly - 
suggests some involvement of the left ventricle. pre 

10 


Myocardial Disease 


The possibility that disease of the myocardium as distinct from hypertrophy might influence the | cul 
cardiogram must be briefly considered. Personal experience has shown that changes in the chest ao 
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leads may occur in mitral stenosis as a result of cardiac infarction following coronary embolism, and 
these changes may closely mimic R.V. hypertrophy. One of us (J. F. G.) has previously described 
the resemblance between certain forms of anterior infarction and R.V. hypertrophy (Goodwin, 
1958). It is therefore likely that myocardial damage, whether ischemic or otherwise, will modify 
the pattern of R.V. hypertrophy. Furthermore, such damage may cause enlargement of the left 
ventricle (Hollman, 1958). Although coronary embolism is considered rare in mitral stenosis, it 
might be the explanation for otherwise inexplicable left ventricular hypertrophy in mitral stenosis. 
Four such cases were reported by McDonald et al. (1957) but the cause was not suggested. 


CONCLUSIONS AND SUMMARY 


The cardiographic signs of right ventricular hypertrophy are unquestionably more pronounced 
in congenital than in acquired disease. The difference is due mainly to greater right ventricular 
systolic pressures, pulmonary vascular resistances, and right ventricular thickness, and to the absence 
of left ventricular hypertrophy, in the congenital group. The progression from physiological to 
pathological right ventricular dominance without an intervening period of left ventricular dominance 
in the congenital group is probably an important contributory cause. 

Cor pulmonale and primary pulmonary hypertension appear to resemble the congenital rather 
than the mitral cases in their degree of right ventricular hypertrophy. The reasons for this are not 
clear, but the duration of the acquired hypertrophy may have some influence, and the results suggest 
that in acquired cases the rapid onset of severe pulmonary and right ventricular hypertension may 
produce a more severe degree of right ventricular dominance than when the development is more 
gradual. 

Acute dilatation of the right ventricle and rotation of the vector have been shown temporarily 
to produce or increase signs of right ventricular dominance independent of hypertrophy, and it is 
possible that recurrent acute episodes of pulmonary hypertension which are perhaps more likely 
to occur in cor pulmonale than in mitral stenosis may have some bearing on the differences. The 
infrequent occurrence of severe (grades 3 and 4) R.V. hypertrophy in mitral disease is due to at least 
two causes. First, to the comparative rarity of extreme degrees of right ventricular hypertension 
and pulmonary resistance (such as are frequently seen in congenital cases), and second to the asso- 
ciation of left ventricular enlargement which suppresses the signs of R.V. hypertrophy. The left 
ventricular enlargement is usually the result of associated mitral regurgitation, systemic hypertension, 
or aortic valve disease, but in an undetermined proportion of cases may be the result of myocardial 
damage due to ischemia or other cause. Such myocardial damage may modify the cardiogram 
without producing left ventricular hypertrophy. 

The cardiographic patterns are of some value in predicting the severity of the disease. In mitral 
stenosis, while a slight degree of right ventricular hypertrophy may be associated with considerable 
increase in pulmonary resistance, the reverse is not true, and a grade 4 cardiogram guarantees a right 
ventricular systolic pressure in the region of 80 mm. Hg, or a total pulmonary resistance of around 
20 units. A dominant S wave in V5 in association with a dominant R in V4R suggests considerable 
right ventricular hypertrophy without appreciable left ventricular hypertrophy. Slight increases in 
pulmonary resistance cannot be predicted from grade | right ventricular hypertrophy since both 
grade 0 and grade | occur over an identical range of pulmonary resistance. 

In the cases of congenital pulmonary hypertension, the grade of right ventricular hypertrophy 
(3 or 4) correlates well with the right ventricular systolic pressure and pulmonary resistance, both 
of which were greatly raised. This is also true in the pure pulmonary stenosis cases, but with one 
or two exceptions. In general, however, a grade 3 cardiogram suggests a right ventricular systolic 
pressure in the region of 75 mm. Hg or more, and a grade 4 cardiogram indicates pressures above 
100 mm. Hg. 

The cardiogram is less helpful in predicting the severity in Fallot’s tetralogy as the right ventri- 
cular systolic pressure is at systemic level in all cases because of the ventricular septal defect and 
aortic over-ride. However, the majority of cases show a grade of right ventricular hypertrophy 
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comparable with that in pure pulmonary stenosis, although there is a greater tendency for right 
precordial T wave inversion in the latter. Cabrera and Monroy (1952) have suggested that dominant 
R waves and T wave inversion in right precordial leads indicate “‘systolic overload” of the right 
ventricle. Since the right ventricle can develop a higher pressure than the left in pure pulmonary 
stenosis, and therefore can be forced to do more “‘ pressure work”’ than in the tetralogy, this explan- 
ation would harmonize with the greater T wave inversion in lone stenosis in this series. The presence 
of deep T wave inversion in V3 or V5 would thus favour a diagnosis of lone pulmonary stenosis 
rather than of the tetralogy. Anatomical right ventricular hypertrophy is usually gross in the cases 
of the tetralogy, indicating that this may be more important in determining the grade of right 
ventricular dominance than the right ventricular systolic pressure. 

Finally the practice of grading the cardiographic severity of right ventricular hypertrophy may 
assist in the long-term assessment of the prognosis of patients who come to cardiac surgery. 


We are greatly indebted to Mrs. Angela Birbeck and the Department of Medical Photography for the illustrations, 
and to Mr. Please and Mrs. Birbeck for statistical advice and assistance. 
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In myocardial infarction it is rare for the right ventricle to be predominantly affected. The 
relative incidence of infarction of this ventricle in two large series has been shown to be 1-7 per cent 
(Bean, 1938) and 3 per cent (Wartman, 1948) respectively. In the average human heart the entire 
right ventricle with the exception of the left third of the anterior wall is supplied by the right coronary 
artery (Gross, 1921). However, the uncommon occurrence of right ventricular infarction bears no 
relationship to the frequency with which this artery is occluded. Schlesinger and Zohl (1941) 
showed from their perfusion studies of human hearts at necropsy that the right coronary artery was 
occluded in 34 per cent of all main stem occlusions. In comparison, the corresponding figures for 
the anterior descending and circumflex branches of the left coronary artery were 39 per cent and 
27 per cent respectively. 

Blumgart et al. (1940) have suggested that the right ventricular Thebesian system accounts for the 
immunity of this ventricle to infarction. Wood (1956) on the other hand, has asserted that it is pro- 
tected through being supplied by the two biggest coronary arteries and because it offers less 
resistance to systolic coronary flow than the left ventricle. 

In this communication, the pathological and clinical features of eleven new cases of right ventri- 
cular infarction are presented; this constitutes the largest series of cases of this kind that has so 
far been published. In addition, nine examples previously reported are reviewed and the main 
aetiological factors that emerge are discussed in relation to the results of recently reported 
physiological experiments. 

The clinical data and the gross pathological findings in the eleven new cases were obtained from 
the records in this Institute. The histological material was available from each case and was 
personally reviewed using the criteria laid down by Mallory (1939) for estimating the age of an 
infarct. For comparison, the corresponding gross pathological features in a consecutive series of 
100 cases of left ventricular infarction investigated in this Institute were also assembled. 


Gross PATHOLOGICAL FEATURES OF RIGHT VENTRICULAR INFARCTION 


Of the eleven cases here described only one was a woman. A similar sex distribution is found in 
those cases previously described in which two out of the eight cases where the sex was given were 
woman (Sanders, 1930; Sprague and Orgain, 1935, two cases; Feil et al., 1938; Weinberg and Katz, 
1941; Roberts and Loube, 1947; Case 34442 (M.G.H.) 1948, and Zaus and Kearns, 1952]. In this 
series (Table I) the mean age for the eleven cases was 65-5 years, but the range was wide, being 
40-84 years. 

In ten hearts in which the relative thickness of the ventricular wall was described, left ventricular 
hypertrophy was present in six and in four of these there was also right ventricular hypertrophy. 

The right coronary artery was occluded by a recent thrombus in nine hearts and by an old 
organized lesion in one other. In those hearts with recent occlusions of the right coronary 
artery there were five in which additional old occlusions were found; of the left anterior descending 
coronary artery in four and of the left circumflex artery in the fifth. One heart in this series 
545 
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without an occlusion of the right coronary artery had a recent occlusion of the left anterior des- 
cending coronary artery (Case 8). In most of those vessels without occlusions moderate to 
severe degrees of atheroma were present. Of eight previously published cases, including one 
reported by McDonald and Bentley (1951), the pattern of the coronary arterial lesions was identical 
with that described above. In each case the right coronary artery was occluded by a recent thrombus 
and in one instance there was an associated old occlusion of the left anterior descending coronary 
artery. In the case cited by Weinberg and Katz the arterial lesions were not described. Hence out 
of a total of nineteen hearts with right ventricular infarction the right coronary artery was occluded 
in eighteen. 

As shown in Table I the anterior wall of the right ventricle was involved in an infarct in oniy 
three hearts and then always in a focal manner, the major lesion with one exception being in the 


TABLE I 
PATHOLOGICAL FINDINGS IN RIGHT VENTRICULAR INFARCTION 





Myocardial infarction 





















































| Sex | _ ——_—$$—$—$—— ——$—$—$_—_____ —$—$—$—$—$ — — — 
Case | and | = ; moet | Old 
age | |p . he naan ann egy 
| P . | Posterior septum Right . F ? 
| Right ventricle | ond ish venteicle atrium | Right ventricle | Left ventricle 
1 M40 | Posterior transmural | Ext. ? | — | — 
| ruptured 
| 
2 | M67 | Posterior transmural | — Ext. | — | Anterior 
3 | M69 | Postero-lateral | Ext. | Ext. | — | Anterior 
| transmural 
4 | M48 | Posterior (healing) | _— — | — Diffuse fibrosis 
| | transmural | 
| | 
5 | M84 | — — — | Anterior focal Anterior focal 
6 | F79| Posterior (healing) — Ext. | — = 
| transmural | 
7 | M70| = — | | Anterior focal | Anterior focal 
| | | 
8 | M64 | Anterior focal os | =. | —— | — 
| transmural | 
9 | M62 | Posterior transmural Ext. — | —— | Anterior 
10 | M70 | ws Ext. — | - | ion 
11 | M68 Posterior transmural Ext. — | — — 
| 











Ext. Direct extension of infarct. 


posterior wall of the right ventricle. Similarly, anterior lesions of the right ventricle have been 
reported only twice (Sprague and Orgain, and Feil et a/.), and these were also focal. In all of the 
published cases the predominant lesion was present in the posterior wall of the right ventricle. 
This posterior location is, therefore, an important feature of infarction of this ventricle and is 
undoubtedly related to the anatomical course of the right coronary artery. 

Extension of the infarct to the adjacent part of the posterior interventricular septum and to the 
adjoining portion of the posterior wall of the left ventricle was present in four cases in this series 
(Table I). Sanders, Sprague and Orgain, and Zaus and Kearns described similar extensions of the 
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lesions in their cases. These extensions of the infarct were almost certainly a result of occlusion of 
a right coronary artery that in its distribution dominated the posterior wall of the heart. In 
addition, the right atrium was involved in three cases in this series and in those reported by 
Feil et al., Roberts and Loube, and Zaus and Kearns. The overall incidence of involvement of the 
right atrium in right ventricular infarction is, therefore, about 35 per cent. This is appreciably 
greater than the figure of 14 per cent obtained by Cushing er al. (1942) in a general series of 182 
cases of myocardial infarction in which the right atrium was specifically examined for this lesion. 
The greater incidence of right atrial involvement is explained by the fact that the right coronary 
artery is usually the most important source of blood to the atria (Gross, 1921). 

The extensive lesions that involved the right ventricle were almost invariably of recent origin 
whereas the old lesions were usually focal. It would appear, therefore, that a widespread lesion of 
the posterior cardiac wall that mainly involves the right ventricle carries a poor prognosis. 
Another striking feature in the present series is the high proportion of transmural lesions among 
right ventricular infarcts. It is probably the relatively thin wall of the right ventricle that 
predisposes it to this type of lesion. 

Yet a further point of interest is the location of those infarcts and arterial occlusions that were 
found, in addition to the lesions present in the right ventricle and right coronary artery. In about 
half the cases now presented (Table I) and previously reported these additional older lesions were 
present in the distribution of the left anterior descending artery. Since the arterial pattern on the 
posterior wall of the human heart is usually dominated by the right coronary artery, it follows that 
when this vessel is occluded the right ventricle will obtain much of its inter-coronary collateral 
blood-supply from those branches of the left coronary artery that already ramify in the inter- 
ventricular septum and anterior third of the right ventricle. These branches are derived from 
the anterior descending artery. Hence occlusion of this latter vessel greatly diminishes the chances 
of survival of the right ventricular myocardium when a dominant right coronary artery becomes 
occluded. In nine of the hearts in this series in which the arterial pattern on the posterior wall was 
described, a dominant right coronary pattern was present in each case. 

In five of the patients in the present series there was evidence of an hepatic lesion, i.e. central 
zonal necrosis, chronic venous congestion or cardiac cirrhosis, developing secondarily to congestive 
heart failure. As will be seen later, this complication can give rise to difficulties in clinical manage- 
ment. 

A numerical comparison of some of the gross pathological findings in right and left ventricular 
infarction reveals several rather interesting contrasting features. The infrequent occurrence of 
right ventricular infarction has made it necessary to include previously published case reports in 
order to give added weight to the figures in this group. 

The mean age in cases of right ventricular infarction (Group A) is 62 years, whereas in left 
ventricular infarction (Group B) it is 69 years. This lower mean age may account for the smaller 
proportion of women in the former group (18 °,) compared with the latter (34 %). The mean 
weights of the male hearts in Groups A and B were 531 grams and 502 grams respectively. 
There is, therefore, no significant difference for the two groups, but it is notable that left 
ventricular hypertrophy and cardiac enlargement are frequently associated with right ventricular 
infarction. 

The incidence of the subsequent features of the two groups is shown in Table II. Right ventri- 
cular hypertrophy is found one and a half times as frequently in Group A as it is in Group B, and 
this coupled with a fourfold increase in the incidence of chronic pulmonary lesions in Group A 
Suggests a relationship between pulmonary hypertension and right ventricular infarction. This 
relationship has probably a similar significance to that of systemic hypertension in left ventricular 
infarction (Palmer, 1937). It is unlikely that isolated case reports of healed right ventricular in- 
farction have ever been considered worth publishing, and to avoid a bias in these figures those cases 
quoted from earlier records have been omitted. While there is no significant difference in the 
incidence of recent infarction, multiple infarction, and arterial occlusions in the two groups, there 
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TABLE II 
COMPARISON OF THE MAIN FEATURES OF RIGHT AND LEFT VENTRICULAR INFARCTION 












































| Calculated incidence Incidence | 
in 100 cases of in 100 cases of | Actual 
right ventricular left ventricular | number of 
infarction | infarction | — 
| Group A Group B | Group A | Group B- 
Coronary artery occlusions Dar me | 150 | 124 | 19 100 
Multiple infarction - ms ey 55 32 | 20 | 100 
Recent infarction es ae bes | 64 55 | 11 100 
Ruptured recent infarcts * es x 12 | 12 17 58 7 
Pericarditis A aa 50 15 | 16 100 
Right-sided mural thrombit .. —.. | 125 4 | 16 100 
Pulmonary embolism... Fa | 73t 8 11 | 100 
Left-sided mural thrombi > 27 22 16 | 100 
Systemic embolism - a | 23 8 | 13 | 100 
Right ventricular hypertrophy .. nr 58 | 38 | 12 | 100 
Chronic pulmonary lesions§_.. z 36 9 | 14 100 





* Calculated incidence per 100 cases of recent ventricular infarction. 
+ Thrombi present in right atrium and right ventricle. 

{ Extra-cardiac source of pulmonary emboli found in 3 cases. 

§ Diffuse emphysema, chronic bronchitis, pulmonary fibrosis. 


appears to be a greater tendency for right ventricular infarction to develop in hearts that have 
already been the seat of extensive ischemic disease. 

Pericarditis occurred four times as frequently in Group A as it did in Group B cases and this is 
probably a consequence of the greater liability of the right ventricle to develop a transmural lesion. 

Although right ventricular cavity pressures are normally only about a sixth of those that obtain 
within the left ventricle, rupture through a recent infarct appears to occur as readily through the 
right ventricular wall as it does through the left. In the aetiology of rupture through a myocardial 
infarct the importance of the role of the transmural lesion has been stressed by Wartman and 
Souders (1950). According to Gould (1953) adiposity of the myocardium may also be a factor in 
precipitating rupture through an infarct: in the older age groups the right ventricular wall is 
very prone to develop adipose changes and in many of the Group A series of hearts which were 
examined in this Institute such changes were found. The incidence of mural thrombi developing in 
the right side of the heart in Group A was thirty times greater than it was in Group B whereas 
the frequency with which left-sided mural thrombi developed was equal for each group. The much 
greater tendency for right-sided mural thrombi to develop in the Group A series was probably 
largely dictated by the transmural type of lesion that generally developed in the right ventricular 
wall. However, the greater number of ischemic lesions and the lower pressures that prevailed 
in the affected chambers on the right side of the heart were possibly contributory factors also. 
Unfortunately it is impossible to estimate precisely how far the figures for mural thrombosis were 
influenced by the use of anticoagulants; however, the cases in both groups embrace the periods 
before and after this form of therapy came into general use. 
It is clear that the higher incidence of pulmonary embolism in Group A which is nine times 
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greater than it is in Group B is directly related to the much greater tendency for right-sided mural 
thrombi to develop in right ventricular infarction. Admittedly, however, the incidence of pulmonary 
embolism is necessarily influenced by the incidence of systemic venous thrombosis which is not 
always easily detected at necropsy. This incidence is probably higher in right ventricular infarc- 
tion owing to the frequency of congestive failure, which is evident from the number of secondary 
hepatic lesions found in these cases. 


HISTOLOGY 


In all those infarcts that were investigated in this Institute, the overall pattern was almost 
identical with that seen in left ventricular infarction. Even the thin zone of subendocardial myo- 
cardium underlying the area of infarction was often preserved, thus indicating that there was no 
blockage of the Thebesian channels in the right ventricle. It was noteworthy that this preserved 
zone represented about one-sixth of the total thickness of the right ventricular cavity. Neither does 
the prevalence of adiposity of the right ventricular myocardium allow for the possibility that vessels 
in adipose tissue can effectively protect the right ventricle from infarction. 

The degree of atheroma and thrombo-occlusive disease of the coronary arteries in these hearts 
was quite sufficient to account for the unusual location of these infarcts, and arteritis was excluded 
as being a possible etiological factor. 


CLINICAL FEATURES 


The clinical features of only seven of the eleven cases from this Institute are considered here. In 
the other four (Cases 3, 5, 7, and 8) the presence of an infarct was apparently overlooked alto- 
gether and consequently the clinical records are not helpful. 

A note of the systemic blood pressure taken before the onset of the right ventricular infarct 
was available in three instances (Cases 3, 9, and 10) and in each hypertension was present. This 
conforms to the frequent finding of left ventricular hypertrophy in this series. 

An enquiry was made into a history of dyspnoea preceding the final illness in four cases and a 
positive history was obtained in three (Cases 2, 3, and 10). In two of these (Cases 3 and 10) there 
was a chronic pulmonary lesion in addition to the old coronary arterial occlusions found at necropsy. 
Five of the seven patients experienced precordial pain at the onset of their final illness but in two 
elderly patients (Cases 3 and 6) who had no pain, atrial fibrillation was present. The association 
of this arrhythmia with the absence of precordial pain is not easily explained, but it is a clinical 
phenomenon that has been recognized by Evans (1956). 

Clinical evidence of circulatory failure was present in all seven patients and in five of the six 
in which reference was made to right-sided heart failure (Cases 2, 3, 6, and 10) this also supervened. 

The average duration of survival from the onset of the right ventricular infarct for the seven 
cases was three weeks, with a range of seven to fifty-four days. The tendency for right ventricular 
infarction to develop in hypertrophied hearts that are already the seat of ischemic disease, and 
the fact that embolic phenomena are prone to develop, may partly explain the relatively grave 
prognosis associated with these cases. 


Case REPORT 


The following report of Case 3 illustrates most of the pathological and clinical features of right ventricular 
infarction already recorded. 

A 70-year-old man collapsed on the street on September 15, 1951, and was admitted to hospital. During 
the previous three years he had been admitted on several occasions with a diagnosis of hypertensive heart 
disease (blood pressure 200/120) and atrial fibrillation. Right-sided heart failure had supervened on 
one occasion. 

On the day of his final admission, examination showed a kyphotic man with moderate cyanosis, cold 
extremities, and atrial fibrillation. The blood pressure was 70/40. There was evidence of right-sided heart 
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failure and an electrocardiogram showed a recent posterior infarct (Fig. 1). Records taken during earlier 
admissions showed ischemic changes over the anterior wall of the left ventricle (Fig. 2). Despite recovery 
from circulatory failure, the clinical features of right-sided heart failure persisted, and a downhill course 
ensued. The picture was complicated by bronchitis and urinary obstruction, and the patient died in coma 
following a convulsive seizure four weeks after admission. 

During his first illness, the patient’s prothrombin time (Quick’s one-stage method) was less than 20 per 
cent on three separate occasions and anticoagulant therapy was, therefore, never instituted. 





Fic. 1.—Case3. Electrocardiogram of a man, aged 70, 
showing atrial fibrillation and recent posterior 
infarction of the heart. Necropsy showed throm- 
botic occlusion of the right coronary artery and a 
recent infarct of the right ventricle (see text). 





Fic. 2.—Case 3. Electocardiogram during earlier admission to hospital, showing 
fast atrial fibrillation and ischemic heart disease involving the left ventricle 
antero-laterally. 


Summary of Findings at Necropsy. Atheroma of aorta and cerebral and coronary arteries; recanalized 
occlusion in the left anterior descending coronary artery; healed infarct in the left ventricle with recent and 
organized endocardial thrombus. There was an old infarct of the spleen, with chronic venous congestion 
of the liver and pancreas and cardiac cirrhosis. There was an organizing thrombotic occlusion of the right 
coronary artery, and recent infarct of the right ventricle, involving the posterior part of the septum, part of 
posterior wall of the left ventricle and the right auricular appendage, with diffuse pericarditis: organizing 
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endocardial thrombus was seen in the right ventricle and right auricular appendage; there were also organiz- 
ing and organized pulmonary emboli with pulmonary infarcts. Kyphosis was present with emphysema of 
the lungs, and right ventricular hypertrophy. Hamorrhagic cystitis and acute pyelo-nephritis which may 
have followed catheterization were observed. 


Comment. Egeli (1956), using liver function tests in conjunction with liver biopsy studies, found 
evidence of severe hepatic dysfunction in seventeen out of thirty-one cases of liver disease occurring 
secondarily to congestive heart failure. Impaired liver function was found in the case recorded 
by Zaus and Kearns and in Case 3 cited above, and it is highly probable that the prolonged pro- 
thrombin times resulted from cardiac cirrhosis and chronic venous congestion. The danger of 
embolism developing in these cases is so great that it is imperative to use a coumarin preparation; 
nevertheless, it is clear that great care must be exercised in the presence of hepatic insufficiency 
which is so liable to arise in right ventricular infarction. 


THE ELECTROCARDIOGRAPHIC DIAGNOSIS OF RIGHT VENTRICULAR INFARCTION 


Electrocardiograms were obtained in only three of the series (Cases 3, 8, and 9) here presented. 
Case 8 which was associated with a small anterior infarct in the right ventricle merely showed T-wave 
inversion in leads I and V4—6. The classical cardiographic features of posterior infarction were 
shown in Cases 3 and 9 in which there was extensive infarction of the posterior cardiac wall. The 
gross involvement of the right ventricle was not apparent from the precordial leads in either of 
these two electrocardiograms. 

In eight of the nine previously reported cases, the electrocardiographic findings are recorded, 
although unipolar leads were obtained in only three instances. In six of these electrocardiograms 
there was clear evidence of the presence of a posterior infarct and in the other two there was in- 
version of the T waves in leads II and III. Of the three cases with unipolar precordial leads 
evidence of right ventricular involvement was apparent in only one instance (Levy and Hyman, 
1950): it showed elevation of the S-T segments and a prominent QS complex in leads V1-3, an RS 
complex and isoelectric S-T segment in lead V4, as well as Rs complexes and depressed S-T seg- 
ments in leads V5-6. 

A striking feature in four of the previously reported cases was the presence of atrio-ventricular 
dissociation. According to White (1947), this type of arrhythmia may arise when there is an acute 
occlusion of the right coronary artery or of the left circumflex vessel, since the major part of the blood 
supply to the atrio-ventricular junctional tissue is nearly always derived from these vessels. 

With the exception of the case of Levy and Hyman it would appear that even with the use of 
precordial leads the chance of arriving at a diagnosis of right ventricular infarction is very remote. 
The over-riding difficulty in making this diagnosis lies in the fact that electrical impulses arising in 
the smaller mass of the right ventricle are inundated by those arising in the left ventricle. Never- 
theless, a diagnosis of posterior infarction can often be achieved in these cases; the right 
ventricular infarct being posterior in its distribution. Unless the right ventricular infarct 
is sufficiently extensive to involve the antero-lateral wall of the right ventricle and thus confront the 
right precordial leads, it is impossible to localize the infarct to this ventricle. In order that more 
than one right precordial lead is confronted by the infarct the heart will require to lie in a vertical 
electrical position and be rotated in a clockwise direction in its longitudinal axis. However, this 
position is frequently compromised in these cases by the presence of left ventricular hypertrophy. 
To surmount this difficulty Levy and Hyman (1950) have suggested taking accessory precordial 
leads superior to leads V2 and V3. 

The early stages of an extensive right ventricular infarct will result in elevation of the RS-T 
segment in leads overlying the infarct and reciprocal depression of the RS-T segment in the left 
precordial leads (Johnston, 1956). A recent subendocardial infarct situated in the postero-lateral 
wall of the left ventricle can also produce these changes. Moreover, in the later stages of a right 
ventricular infarct, the expected abnormal Q waves and diminished R waves will be obscured by 
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electrical impulses arising from the right side of the interventricular septum, since this also confronts 
the right precordial leads. 

The frequent association of right and left ventricular hypertrophy, pericarditis, pulmonary 
embolism, and the use of digitalis therapy in right-sided heart failure will also complicate the electro- 
cardiogram since they are all capable of producing S-T segment and T wave changes in the right 
precordial leads. 

A diagnosis of right ventricular infarction can, therefore, only be made under exceptional 
circumstances. Provided that a diagnosis of myocardial infarction is made at all greater precision 
is not important, for in most instances the gravity of the condition will indicate the use of anti- 
coagulants anyway. 


DISCUSSION 


The view of Blumgart (1940) that the immunity of the right ventricle to infarction is a result of 
its superior collateral Thebesian system was based largely on the experimental work of Wearn (1928 
and 1933). This work, which involved the preparation of casts of the ventricular chambers dis- 
closed a more elaborate Thebesian system on the right side. However, Blumgart’s view is untenable 
for several reasons. 

A more recent experiment with which Wearn was associated (Eckstein et al., 1941) has 
demonstrated that in dogs the right ventricular vasculature can only be filled from the right ventri- 
cular chamber when the pressures in that chamber exceed those in the left. Such a relationship 
could only arise in a congenital heartlesion. In Wearn’s original experiments, the pressures 
used for preparing casts of the right ventricular chamber were unphysiological. 

Cinematographic studies (Prinzmetal et al., 1948) in dogs have established that blood flowing 
into an ischemic area of right ventricle is, in fact, arterial in origin. In conjunction with the patho- 
logical evidenee already presented, these findings appear to rule out any likelihood that the right 
ventricular Thebesian system can protect the right ventricle from infarction. The existence of 
vascular connexions between the coronary arteries and branches of the internal mammary, anterior 
mediastinal, bronchial, phrenic, intercostal, and cesophageal arteries has long been established, 
but the high incidence of transmural lesions and pericarditis in right ventricular infarction sug- 
gests that these anastomoses are of little importance to the right ventricle. 

The frequent association of sclerosis of either the left anterior descending coronary artery or of 
the left circumflex branch with right ventricular infarction indicates the importance to the right 
ventricle of the inter-coronary collateral circulation. In prolonged experiments in dogs it has been 
shown that when a coronary artery is ligated, its collateral supply is largely derived from the other 
main coronary arteries (Gregg, 1950). Nevertheless, right ventricular infarction has been readily 
produced in animals by ligation of the right coronary artery only. These were, however, acute 
experiments and may simulate more closely those few human cases of right ventricular infarction 
where the only arterial lesion was a recent thrombus in the right coronary artery (Table I, Case 4, 
and Sanders, 1930). 

In the majority of human hearts with atheroma of the coronary arteries, the time allowed for 
inter-coronary collateral channels to open up and enlarge as a result of stenosis developing in one 
of the major vessels is evidently sufficient to provide for an adequate alternative circulation to the 
right ventricle. On the other hand, the metabolic requirements of the left ventricle are much greater, 
not only because of its greater mass, but also because, under normal conditions, it probably performs 
about three times as much work, weight for weight, as the right ventricle (Gregg, 1950). These 
additional requirements can be met either by a collateral circuit of greater magnitude or by an 
increase in the rate of inter-coronary collateral flow. In the absence of any appreciable muscle coat 
the collateral channels are incapable of undergoing vasodilatation and thus cannot facilitate rapid 
local changes in the rate of flow (Wade, 1957). 

In addition, there are certain other factors that operate in favour of the right ventricle. First, 
according to quantitative perfusion experiments carried out in human hearts (Prinzmetal et al., 1942) 
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the collateral flow to the left coronary arterial system is only about one-third of that avail- 
able in the opposite direction. Secondly, it has been disclosed from experiments on dogs that the 
systolic coronary inflow is relatively greater for the right artery than for the left (Gregg). Since 
ischemic myocardium can offer only passive resistance to the intra-ventricular cavity pressures, the 
collateral flow during systole will meet with much more resistance when flowing from the right to the 
left arterial system than when the reverse is the case. Finally, Wiggers (1954) has shown the im- 
portant influence on coronary flow of the compressor effect of contracting myocardium on intra- 
mural vessels. Under similar conditions the flow across the inter-coronary collateral vessels during 
systole will clearly be more strongly augmented by the compressor effect of the left ventricular 
myocardium than by that of the right. 

The development of circulatory failure in patients with right ventricular infarction has been 
attributed to a low output type of left ventricular failure (Zaus and Kearns, 1952), but this view 
cannot be sustained by experimental results. Several workers have shown that massive infarction 
of the right ventricle produced in dogs, fails to cause heart failure, except possibly after a latent 
period of several months (Starr et al., 1943; Bakos, 1950; and Donald and Essex, 1954). In dogs 
the dominant artery on the posterior cardiac wall is the left circumflex; hence occlusion of the right 
coronary artery will not impair the nutrition of either the posterior inter-ventricular septum or the 
adjacent portion of the left ventricular wall. In man, on the other hand, it is the extension of the 
infarct into these areas that probably accounts for the presence of circulatory failure in cases of 
right ventricular infarction. In addition, the dogs were anesthetized during these operations and 
consequently suffered no pain, in the early stages at any rate, whereas the severe pain that was 
experienced in the human cases probably resulted in some vaso-vagal effect (Wright, 1952). 


CONCLUSIONS 


Extensive infarction of the right ventricle is usually a direct result of an occlusion of the right 
coronary artery. Earlier occlusive lesions occurring in the anterior descending branch of the left 
coronary artery probably play a considerable réle in the pathogenesis of this type of infarct. 

Since the right coronary artery is usually the dominant vessel on the posterior cardiac wall, 
there is frequently an extension of the infarct to the posterior interventricular septum and adjoining 
portion of the left ventricle. It is suggested that it is this extension of the lesion rather than the 
involvement of the right ventricle itself that contributes to the high incidence of circulatory 
failure in these cases. Extension of the infarct to the right atrium is also relatively common. 

There is evidence suggesting that pulmonary hypertension plays an etiological réle in right 
ventricular infarction. 

When the thin-walled right ventricle becomes infarcted, the lesion is particularly liable to become 
transmural; hence rupture, pericarditis, mural thrombosis, and pulmonary embolism are frequent 
attendant lesions. 

The histological features of right ventricular infarction closely resemble those of left ventricular 
infarction. 

Without the assistance of an electrocardiogram including right precordial leads, there is little 
chance of achieving a precise clinical diagnosis. The prognosis in patients with right ventricular 
infarction tends to be poor and the increased risk of pulmonary embolism makes the use of anti- 
coagulant therapy imperative, although the tendency for hepatic insufficiency to develop necessitates 
great care in its use. 

Several physiological factors acting through the inter-coronary collateral circulation are 
enumerated as being responsible for the relative immunity of the right ventricle to infarction. 


Thanks are due to Prof. J. H. Biggart for his help and criticism in the preparation of this paper. I am also grateful 
to Dr. J. F. Pantridge for his comments on the electrocardiographic aspects, and to Dr. D. A. D. Montgomery for 
supplying me with the clinical details of one of his cases. I am indebted to Mr. David Mehaffey for the photographs 
and to Mrs. Dundas for secretarial assistance. 
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In the past few years, a congenital anomaly of the aortic arch—a kinked or buckled arch—has 
been described and established as an entity. Although it usually presents a characteristic radio- 
logical picture, it is not as yet widely recognized either by radiologists or clinicians. In order to 
elucidate the plain X-ray findings, the patient is frequently subjected to complicated, unnecessary, 
and even uncomfortable procedures such as angiography or occasionally exploratory thoracotomy. 

To further the more widespread appreciation of the diagnostic radiological appearances, five 
new cases of congenitally kinked aortic arch are reported and illustrated. Also recorded are the 
confirmatory results of the specialized techniques that were employed before the typical findings 
on conventional radiography were recognized. 


THE ANATOMICAL DEFORMITY 


The normal aortic arch resembles the handle of an umbrella, presenting an even convex loop, 
inclined at about 30° to the sagittal plane. In this anomaly, the descending portion of the aortic 
arch is acutely kinked with an angular convexity directed forwards, downwards, and slightly to the 
right at the level of the ligamentum arteriosum. The kink occurs at the aortic isthmus, where 
there is normally a faint indentation on the concavity of the aortic arch immediately proximal to 
the slight dilatation (aortic spindle) of the upper descending aorta. The aorta proximal to the kink 
is elongated and rises higher in the mediastinum than usual. The ascending aorta is not dilated 
and is normally situated. The apex of the abnormal kink is closely applied to the upper and 
posterior aspect of the left pulmonary artery and left main bronchus, which may be displaced 
forwards, downwards, and to the right. The cesophagus is also usually displaced forwards and to 
the right, since it is closely applied to the kinked segment. The aorta immediately distal to the 
kink may be dilated. It turns sharply backwards and slightly to the left curving downwards into a 
normally placed descending aorta. 


THE RADIOLOGICAL APPEARANCE 


Postero-Anterior (P.A.) View. It is in this projection that the anomaly is first detected. The appear- 
ances are usually diagnostic, and many of the cases present an identical appearance. There is an oval 
opacity, less opaque than a normal aortic arch, situated high up on the left superior mediastinal border. It 
lies higher than the usual aortic arch and therefore is often mistaken for a tumour. This opacity is pro- 
duced by the abnormally high aortic arch. Overlapping its lower pole is a second opacity of greater 
radio-density with a sharply defined convex upper border, which continues below into a normally placed 
descending aorta. This second opacity, although at a rather low level, is frequently misinterpreted as a 
normal aortic arch. It is in fact an end-on view of the descending aorta immediately distal to the kink. 
These characteristic features are best seen on a well penetrated P.A. film (Fig. 1 and 3). 

Left Anterior Oblique (L.A.O.) View. In this projection the aortic arch is placed parallel to the film. 
The high aortic arch, the sharp kink forwards at the site of the ligamentum arteriosum, and the backward 
curve into the normal descending aorta are well demonstrated (Fig. 7). The acute forward angulation of the 
posterior border of the aorta at the site of the kink is usually well seen, and is a highly suggestive feature. 
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Fic. 1.—Case 1]. Man,40 years. Large 
opacity of low radio-density above 
apparent aorticknuckle. The upper Fic. 2.—Case 1 
opacity is due to the aortic arch; the seers : 
lower opacity to the “post-kink” 
segment of the aorta. B.P. normal. 


a 





The appearances at thoracotomy as 
seen from the left. AA=Ascending Aorta. K=Kink. 
LA=Ligamentum Arteriosum. DA=Descending Aorta. 





Fic. 3.—Case 2. Man, 38 years. B.P. 
135/100. Appearances in P.A. film 


similar to Fig. 1. Fic. 4.—Case 2. Lateral tomogram, showing the posterior 


border of the kink in the aortic arc. 


These appearances are often more clearly shown by tomography in this projection (L.A.O.), although such 
an investigation should rarely be necessary (Fig. 4). 

Right Anterior Oblique (R.A.O.) View. The ascending aorta and aortic arch are seen in profile, super- 
imposed on one another as in the normal. The aorta immediately distal to the kink, running horizontally 
backwards and to the left, produces a dense round shadow behind and below the aortic arch (Fig. 8). 

Barium Swallow (P.A.). The unusually high aortic arch causes little or no impression on the cesophagus. 
The aorta immediately distal to the kink deeply indents the left border of the cesophagus (Fig. 6) and it is 
this impression that is frequently mistaken for the normal aortic arch. Occasionally, a long continuous 
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Fic. 5.—Case 3. Barium swallow demonstrating the major cesophageal in- 
dentation due to the “post-kink”’ segment of the aorta, and the minor 
indentation above it due to the aortic arch. 


cesophageal concavity is formed by the combined indentations of the arch and “‘post-kink”’ segment of the 
aorta. 

Barium Swallow (L.A.O.). The cesophagus is displaced forwards by the aorta distal to the kink in a 
similar manner to that produced by the post-stenotic segment in coarctation of the aorta (Fig. 5). 

Angiography. The anatomy of the aorta can be well demonstrated by angiocardiography or thoracic 
aortography (Fig. 6). These examinations should rarely be necessary once the characteristic appearances 
on conventional radiography have been appreciated. 

Simultaneous bi-plane apparatus is preferable, but if this is not available the most valuable single pro- 
jection is the right posterior oblique (R.P.O.). Slight narrowing of the aortic lumen at the site of the kink 
may be seen, and slight dilatation of the aorta distal to the kink is not uncommon (Fig. 6). These appear- 
ances differ from coarctation in that there is no severe stenosis nor visible collateral circulation. 

20 
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A B 
Fic. 6.—Case 2. Simultaneous antero-posterior and lateral angiocardiogram, showing the deformity of 


the aorta. In this patient the aortic arch above the kink is more in the coronal plane than is usual with 
the “kinked aorta” deformity. 


CASE HISTORIES 


Case 1. A man of 40 years, asymptomatic, was found to have an abnormal superior mediastinal shadow (Fig. 1) 
on a routine P.A. chest film taken elsewhere prior to emigration. He was referred for surgery with a diagnosis of 
superior mediastinal tumour. A pre-operative film suggested the possibility of coarctation of the aorta, but there 
were no abnormal physical signs. At thoracotomy, a prominent forward and downward kinking of the distal part 
of the aortic arch was found. There was no significant narrowing of the aortic lumen, but the aorta distal to the 
kink was dilated. The ligamentum arteriosum was short and was attached to the apex of the kink (Fig. 2). This 
obliterated ductus was divided without resultant change in the deformity. Five years later the radiographic appear- 
ances remained unchanged. 

Case 2. A man, aged 38 years, was found on mass miniature radiography to have an abnormal left superior 
mediastinum. On direct questioning he admitted to some dyspncea on exertion and recent dysphagia. On examina- 
tion, a moderate aortic systolic murmur was heard; brachial and femoral pulses and pressures were normal. A 
superior mediastinal tumour or aneurysm was suspected, and he was referred from another hospital for angiography. 
The similarity of the P.A. film (Fig. 3) to that of Case 1 suggested the diagnosis of a kinked aortic arch. This sus- 
picion was strengthened by the appearances on a barium swallow examination and lateral tomography Fig (4). The 
diagnosis was confirmed by angiocardiography, which showed a high and rather small calibre aortic arch describing 
a semicircle, almost in the coronal plane (Fig. 6A). There was a 90° kink at the expected site of the ligamentum arterio- 
sum, distal to which the descending aorta was dilated. 

Case 3. A man,aged 51 years, had hada mole on his back since birth. In 1956 it was locally excised because of its 
recent rapid growth. Three months later it recurred, grew rapidly and was widely excised. Sections revealed a 
malignant amelanotic melanoma. Metastases appeared in the cervical lymph nodes, and these were removed by 
block dissection. Enlarged nodes appeared in the axilla and a P.A. film of the chest was interpreted as showing 
enlarged metastatic superior mediastinal lymph nodes. He was referred to our hospital for radiotherapy. On 
examination his blood pressure was 135/90 in both arms and the femoral pulses were normal. Conventional 
radiography, including a barium swallow (Fig. 5), showed the characteristic appearances of a kinked aortic arch. 
Radiotherapy was therefore confined to the axilla. 

Case 4. A man, aged 59 years, who complained of dyspepsia was found to have a gastric ulcer on barium meal 
examination. During fluoroscopy, an abnormal superior mediastinum was observed. Chest radiographs showed 
the typical findings of a buckled aortic arch. In addition there was some unfolding of the ascending and descending 
aorta, probably arteriosclerotic in origin (Fig. 7 and 8). 

Case 5. Aman, aged 36 years, during an investigation of long standing neurosis, was found to have hypertension, 
which was labile (varying between 230/130 and 110/70), and thought to be emotional i in origin. There was a harsh 
aortic systolic murmur. Chest radiographs revealed a kinked aortic arch. Kymography showed synchronous 
pulsation of the aorta both above and below the kink. In this case there is unusual displacement of the kink to the 
right, with prominent lateral bowing of the descending aorta. 


DISCUSSION 
Thirty-seven cases of kinked aortic arch without coarctation have been previously reported or 
referred to: but some of them may have been reported twice. The abnormality is more frequent 
than this figure suggests; we have knowledge of, or have seen, several other patients not included in 
this series. 
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Fic. 7.—Case 4. Male, 59 years. Left anterior 
oblique film, showing prominent kink plus 
arteriosclerotic unfolding of the descending 
aorta. Fic. 8.—Case 4. Right anterior oblique film, 

showing opacity due to “post-kink”’ segment 
behind the aortic arch. 





Souders ef al. (1951) were the first to appreciate the entity of congenital kinking of the aortic 
arch without coarctation. They gave the first detailed description of the radiological appearances 
of this anomaly when reporting three cases. Their first, a 58-year-old man, is particularly 
instructive as the abnormal radiological appearances were thought to be due to the enlarged superior 
mediastinal glands of Hodgkin’s disease. Radiotherapy had no effect, so thoracotomy was under- 
taken. A sharply kinked aortic arch was found. The apex of the kink was sited at the insertion 
of a short, taut, patent ductus arteriosus. There was no evidence of narrowing of the aorta. 
Division of the ductus (which was thought to be the cause of the kink) did not alter the appear- 
ances. Radiography three months later showed no change from the pre-operative films. Their next 
two cases were investigated by angiography, the third presented atypical features and was not 
convincingly confirmed. 

Reich had previously described, in 1949, the angiographic appearances of this anomaly in a 
healthy man of 40 years. He believed this to be an example of slight coarctation of the aorta. 
Dotter and Steinberg (1951) reported two cases of buckled aortic arch without clinical or radiological 
evidence of coarctation. In 1956 Steinberg, in presenting another example of this anomaly (which 
was associated with slight dilatation of the aortic sinuses of Valsalva), refers briefly to his experience 
with 10 cases of buckled arch. 

Di Guglielmo and Guttadauro added two further cases demonstrated by angiography in 1955. 
The second patient, aged 12 years, also had a ventricular septal defect. In the case reported by 
Vaughan in 1956, the clinical problem was identical with that in our Case 3. His patient had a semi- 
noma of the testis, treated by orchidectomy, but later it metastasized to the para-aortic ab- 
dominal glands. A postero-anterior chest film taken to exclude metastases revealed an abnormal 
Opacity over the apparent aortic knuckle. A left anterior oblique film confirmed that this appearance 
was due to a kinked aortic arch and not due to enlarged lymph glands. Bruwer and Burchell 
(1956) and Bruwer (1957) reported four cases and stated that a total of eleven had been seen at the 
Mayo Clinic. Samuel and Morris, in describing two further cases in 1957, advocated tomography in 
the left anterior oblique position as a simple method of demonstrating the kink in the aortic arch. 
Stevens (1958) recently reported four more cases under the title of pseudocoarctation, one of these 
was operated upon for a supposed superior mediastinal tumour. 
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The radiological diagnosis of kinked aortic arch is of considerable clinical and practical im- 
portance. The most frequent presentation is the finding of an abnormal left superior mediastinal 
opacity on the postero-anterior chest film. The radiologist must then confirm that this appearance 
is due to a benign congenital anomaly of the aortic arch and not to a mediastinal tumour. 

The mistaken interpretation of the radio-opacity above the apparent aortic knob as a superior 
mediastinal tumour is a real and dangerous hazard. As described above, several patients have 
been subjected to therapeutic irradiation and to exploratory thoracotomy, including one of our 
series (Case 1). An understanding of the anatomy of this congenital anomaly and the recognition 
of the typical radiological appearances will usually obviate the necessity for these procedures. 

The radiological appearances of the kinked aortic arch may be reproduced exactly in the more 
frequent condition of coarctation of the arch. The absence of hypertension in the arms and head, 
the normal femoral arterial pressure and wave form, the absence of clinically or radiologically 
evident collateral circulation, and the normal-sized ascending aorta, will exclude significant coarcta- 
tion. 

Although this differentiation of a kinked arch from a coarcted arch is a valid clinical and 
radiological one, the two conditions appear to have much in common. It has been suggested that 
the kinked aorta is an incomplete form of coarctation, in which the obliteration of the aortic lumen 
is either entirely absent or minimal. The forward displacement of the aorta at the attachment of 
the ligamentum arteriosum is very similar in the two conditions, but is usually more acute and 
obvious in the arch that is kinked but not coarcted. The elongation of the aorta proximal to the 
kink is more prominent, and the post-kink or post-stenotic dilatation is absent or less striking in 
these patients without significant stenosis. 

To justify the diagnosis of “kinked aortic arch” there must be no clinical evidence of aortic 
narrowing. Several patients have in fact been shown on angiography or thoracotomy to have 
minimal asymptomatic narrowing of the aortic lumen at the kink, with slight distal dilatation. 
There is therefore something to be said on anatomical grounds for using the terms “‘sub-clinical 
coarctation,” “‘atypical coarctation,” or even “‘pseudo-coarctation.”’ But, as the usual presenta- 
tion of the clinical problem is the differential diagnosis of a left superior mediastinal opacity, these 
names are not really satisfactory. The term “kinked” or “‘buckled” aortic arch is an accurate 
anatomical description and implies the benign nature of the anomaly. 

The presence of a loud basal heart murmur may suggest congenital heart disease, as emphasized 
by Bruwer and Burchell (1956). This is presumably due to the turbulence of the blood flow through 
the sharply kinked aorta. The occasional occurrence of co-existing congenital heart lesions must 
be borne in mind, as patent ductus arteriosus, ventricular septal defect, and dilatation of the aortic 
sinuses have been described in association with a kinked aortic arch. 

Aneurysms of the aortic arch (particularly the congenital variety associated with a patent ductus) 
may occasionally produce rather similar appearances in the postero-anterior chest film, but show 
other characteristic features (Rigler, 1955). 

The “kinked aortic arch” is believed to be a congenital malformation associated with a short, 
taut, ligamentum arteriosum, and an unduly long aortic arch segment. We do not know which of 
these two factors is the fundamental anomaly. 

Barry (1951) has described the important changes that occur in the embryonic aortic arch 
complex during development. Some arterial segments elongate while others become greatly 
compressed. One of the most striking changes is the cephalic shift in the origin of the subclavian 
arteries. Thése develop from the 7th dorsal intersegmental arteries. With the descent of the 
heart into the thorax, their origin moves far cephalad and is accompanied by prominent compression 
of the 3rd to 7th segments of the dorsal aortic root and of the 4th aortic arch segments. Failure 
of this normal compression of the left 4th aortic arch and 3rd to 7th dorsal aortic root segments 
during development, would result in abnormal length of the arch of the aorta, which therefore 
kinks at the fixed point, namely the insertion of the ligamentum arteriosum. Many of the published 
angiograms of the kinked aortic arch show that the distance between the origins of the left common 
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carotid and left subclavian arteries is greater than normal. Poker et a/. (1958) have also commented 
on this fact. This increased distance between the origin of the two arteries would result from the 
failure of normal compression of certain embryonic aortic segments as suggested above. 

In the development of “kinked carotid artery,” Parkinson et al. (1939) suggested that while 
there may be a congenital element, the more important causative factors are hypertension, arterio- 
sclerosis, kyphosis, and an elongated unfolded aortic arch. The kinking of the congenitally buckled 
aortic arch will be increased by the same elongation of the aorta which may occur in later life 
from hypertension and arteriosclerosis (Case 4). The accentuation of the radiological appearances 
produced by these secondary changes may account for the fact that in the majority of recorded 
cases of kinked aortic arch, the age of the patient has been 30 years or more. 

The deformity bears a close similarity to coarctation of the aorta situated at the ligamentum 
arteriosum, the essential difference being the occurrence of clinically significant stenosis in the latter. 


SUMMARY 


Five new cases of kinked aortic arch without coarctation are described and illustrated. The 
correct diagnosis can usually be made by conventional radiography. The typical appearances are 
described in detail. The radiological diagnosis is of practical importance in order to avoid the 
mistaken interpretation of mediastinal tumour. The congenital defect responsible for the ana- 
tomical anomaly is discussed. 


We are grateful to our clinical colleagues for their kind permission to report the clinical data relating to these 
patients. 
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Rupture of the interventricular septum occurring as a complication of myocardial infarction has 
been reported with increasing frequency. The condition, at one time thought to be rare, is not 
uncommon and is of prognostic importance. It is, however, less common than rupture of the 
ventricular wall, for ina series of 698 cases of coronary occlusion, 6 per cent suffered from this latter 
complication (Bean, 1938). Prior to 1940 there were isolated reports of single cases, though Sager 
(1934) collected eighteen that had been reported, and Weber (1943) made a further review. Including 
the seven described here it is possible now to find reference to 113 cases. 

Five of the cases of septal perforation described in this paper were diagnosed during life; one 
at necropsy, the correct diagnosis not having been made in life; and one was the subject 
of a coroner’s post mortem, the patient being found dead. During the last seven years in which 
records are available in this hospital group, 219 men and 99 women have been seen with cardio- 
graphic evidence of salient cardiac infarction using standard criteria (Evans, 1954). 


Case 1. An obese woman, aged 53, experienced the pain of myocardial infarction, severe enough to 
cause vomiting and sweating. She had had two years previously a left hemiparesis but had made a good 
recovery: she had been dyspneeic on effort for some years but had never had anginal pain on effort nor any 
history of a previous coronary occlusion. Her father had died of a cerebral vascular accident at the age of 
sixty eight. 

She was seen by her own practitioner that evening who thought that she had had a myocardial infarction, 
and at that time she had no murmur. When seen the following morning she was cyanosed, her blood 
pressure was 80/70 mm. Hg, her apex beat five inches from the mid line in the fifth space, and over the whole 
of the preecordium there was a loud rough pansystolic murmur accompanied by a thrill; coarse crepitations 
were heard at the bases. She was admitted to hospital, and anticoagulant therapy commenced. With 
1-noradrenaline her blood pressure rose to 90/80 mm. Hg, but her condition deteriorated, venous congestion 
appeared, and she died three days after the onset of pain. Her cardiogram (Fig. 1), showed an extensive 
anterior myocardial infarction with prominent S-T plateaux in leads V1 to V4. 

Necropsy revealed a small amount of blood-stained pericardial fluid. The heart weighed 450 g., the 
left ventricle was large, and there was a recent infarct involving the apex and anterior wall of the left ventricle, 
the lower part of the interventricular septum was involved, and this had ruptured in its lower part. There 
was severe atheroma of the aorta and all the coronary vessels, and a recent thrombus was present in the 
descending branch of the left coronary artery. She had bilateral pulmonary cedema and a congested liver 
which weighed 1500 g. 

Case 2. Aman, aged 63, had been dyspneeic on effort but without pain for about one year. On 8.3.54, 
while working in his garden he had a sudden attack of dyspnoea which occurred again about two days later; 
in neither of these attacks was there any pain or discomfort. On the evening after the second attack while 
reading in bed, he had a severe pain across the front of his chest, which lasted for only a minute or so, but 
was repeated at intervals throughout the night, each attack lasting only for a few minutes. He then remained 
free from pain for four days. On 14.3.54 he had a further attack which lasted for thirty minutes, and this 
time he vomited. During the next five days he felt exhausted but had no further pain. He had had no 
562 





the | 
plait 
of c 
11.4 
inte} 
pleu 
thro 


ante 
sept 
The 
brat 
chai 
con, 


wee 
to § 
rou 
live 
thir 





has 
not 
the 
ter 
ger 
ing 


yne 
ect 
ich 
lio- 


1to 
0d 
any 
> of 


on, 
0d 
ole 
ons 
/ith 


sive 


the 
cle, 
ere 
the 
ver 


ter; 
hile 
but 
ned 
this 








PERFORATION OF THE INTERVENTRICULAR SEPTUM 563 


significant previous illnesses, and there was no special family history except that his son had died at the 
age of twenty-one from a cerebral hemorrhage. 

When seen on 19.3.54 no abnormal cardiac auscultatory signs were found, his blood pressure was 115/75: 
there was no systemic venous congestion, though moist sounds were heard at the lung bases. The following 
day he was admitted to hospital, anticoagulant therapy was commenced, and two days later the murmur 
and thrill of a ruptured interventricular septum were observed. He was now complaining of pain below 
the right costal margin, and his blood pressure was 110/70 mm. Hg. Five days after admission he com- 
plained of increased dyspnea, his blood pressure fell to 95/50 mm. Hg, but there had been no recurrence 
of chest pain. With 1-noradrenaline his blood pressure was maintained at about 115/95 mm. Hg until 
11.4.54 when there was a sudden fall of blood pressure and death occurred. From 27.3.54 till death he had 
intermittent hiccough (blood urea 125 mg. per 100 ml.), sacral cedema occurred on 2.4.54, and a right 
pleural effusion on 9.4.54. Anticoagulant therapy was given throughout his stay in hospital and his pro- 
thrombin index varied between 16 and 37 per cent. 

Necropsy revealed an organizing pericarditis; the heart weighed 500 g., and there was an infarct of the 
anterior wall of the left ventricle from base to apex, and this involved the anterior part of the interventricular 
septum which had ruptured midway between base and apex, the margins of the rupture being smooth. 
The descending branch of the left coronary artery was completely occluded at its origin and the circumflex 
branch showed atheromatous plaques one and three cm. from its origin; there were also atheromatous 
changes in the right coronary artery. The liver weighed 1620 g. and had a nutmeg appearance, the 
congested spleen weighed 240 g., and there were bilateral pleural effusions and pulmonary oedema. 

Case 3. A woman, aged 65, was admitted in a moribund condition. She had been cyanosed for two 
weeks, and had for some time been complaining of a constricting feeling in the chest, but she was unable 
to give an adequate history, and no independent history was available. On examination she had a loud 
rough systolic murmur over the whole of the precordium, her blood pressure was 55/10 mm. Hg, and her 
liver was enlarged, with other signs of congrestive cardiac failure. Her condition deteriorated and she died 
thirty-four hours after admission. 

Necropsy was restricted to the heart which weighed 450 g.; there was a recent infarct of the anterior 
wall of the left ventricle which extended also to the right ventricle and involved the interventricular septum, 
which had perforated close to the apex. There was marked atheroma of all the coronary arteries, and a 
recent occlusion of the interventricular branch of the left coronary artery. 

Case 4. A woman, aged 85, who lived alone was found dead in her house, nothing being known of the 
clinical history. At necropsy the heart weighed 500 g., the left ventricle was large and there was a recent 
infarct of the posterior wall of the left ventricle and of the interventricular septum. There was a perfor- 
ation in the lower part of the septum, and in addition there was a communication from the cavity of the right 
ventricle to the pericardial sac, causing a large hemopericardium. There was severe atheroma of the 
coronary arteries, and a recent thrombus was present in the right circumflex branch. [One other example of 
rupture of the interventricular septum with associated ventricular wall rupture has been reported (Carrol, 
and Cummins, 1947).] 

Case 5. A woman, aged 63, was a diabetic, taking 30 units of soluble insulin daily. For three days 
before, and on the day before admission, she had had attacks of pain in the centre of the chest with radiation 
to the left arm, which were associated with sweating. She had not previously had angina of effort, but had 
been dyspneeic on exertion. Her mother (who also had diabetes mellitus) had died at the age of 60 from a 
cerebral vascular accident, and her father had died at the age of 50 from a similar attack. 

When admitted, she was not in cardiac failure, her blood pressure was 174/116 mm. Hg and there was 
no cardiac murmur. Three hours after admission her blood pressure had fallen to 140/100 mm., and 
the characteristic murmur of a ruptured interventricular septum could be heard; no thrill was felt. Her 
cardiogram showed changes of a posterior infarction. She died suddenly a few hours later. Necropsy 
showed a recent infarction in the interventricular septum which had ruptured, and marked atheroma of the 
coronary arteries. Gall stones were present in the gall bladder. 

Case 6. A woman, aged 65, was admitted to hospital with a history of epigastric pain for one month, 
vomiting for one week, and more recently tenderness in the epigastrium. A clinical diagnosis of sub-acute 
pancreatitis was made. The serum amylase level was 537 Somogyi units. The white blood cell count of 
34,000 per cu. ml. and the blood urea of 132 mg. per 100 ml. were thought to substantiate the diagnosis. 
It was noted during the examination that she had a loud rough left parasternal murmur, and the blood 
pressure of 90/65 mm. Hg was attributed to the abdominal condition. She died three days after admission, 
no cardiogram having been recorded. 
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Necropsy revealed a localized inflammatory change in the pancreas, no gall stones, an enlarged heart 
with normal valves, and a recent infarct of the left ventricle and the interventricular septum, which had 
ruptured leaving a communication 5 mm. in diameter between the cavities. 

The patient’s own practitioner later stated that when he had examined her chest a fortnight before, 
no murmur had been heard. 

Case 7. A man, aged 67, had attacks of pain in the centre of the chest, prior to admission to hospital, 
He was nearly moribund, his systolic blood pressure was less than 60 mm. Hg, and over the prcordium 
a loud systolic murmur and thrill were present. His practitioner stated that this murmur had not been 
present ten days before admission. The patient died within a few hours of admission. His cardio- 
gram (Fig. 2) shows a very low voltage record with changes of anterior and posterior infarction. At 
necropsy the heart weighed 460 g., all the coronary arteries were very atheromatous, and there was com- 
plete obliteration of part of the interventricular branch of the left coronary artery. There was a perforation 
in the anterior part of the interventricular septum which was | cm. in diameter, and there was recent infarction 
of the anterior wall of the left ventricle, the interventricular septum and the posterior wall of the left ventricle. 
A large recent hemorrhage had occurred in the medulla of the left adrenal gland; the cerebral arteries were 
atheromatous. 
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Fic. 1.—Cardiogram of Case 1. Extensive Fic. 2.—Cardiogram of Case 7. Extensive anterior 
anterior infarction with QS complexes infarction with QS complexes and elevation of 
and elevation of S-T segments in IIT, V2, the S-T segments in leads CR1, CR4, and CR7. 
V3, and V4. Flat T waves and S-T Posterior extension shown by low voltage 
segment depression in leads V5 and V6. QR complexes in leads II, III, and VF. (The 


patient died within an hour of this recording.) 


DISCUSSION 


The clinical pattern of perforation of the interventricular septum is that of a patient who has had 
a myocardial infarct and suddenly develops a loud rough systolic murmur to the left of the 
sternum, maximal in the fourth intercostal space, perhaps with an accompanying thrill, with wide 
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propagation of the murmur. Death usually follows within about two weeks, though there have 
been longer survivals. Some cases die very soon after the rupture, but in those who survive for about 
two weeks there is usually a phase of systemic venous congestion. This is in part perhaps due to 
the left-to-right ventricular shunt that occurs. Possibly, as suggested by Bernheim (1910), there is 
bulging of the weakened interventricular septum into the right ventricle. The diagnosis of this 
condition has been confirmed during life by cardiac catheterization (Muller et a/., 1950), and also by 
alveolar gas analyses (Lian et a/., 1946). 
Other conditions to be considered in the differential diagnosis are four. 


A pre-existing Ventricular Septal Defect. We have found no example of this difficulty having been 
reported. The diagnosis would depend on knowledge of the pre-existing lesion, the perforation would 
be in the upper rather than the lower part of the septum, and there would be absence of infarcted muscle 
tissue around the edges of the perforation. 

Rupture of the Papillary Muscles. The systolic murmur here is similar, but there is often an associated 
diastolic murmur (Bailey and Rickman, 1944). Intractable pulmonary cedema also occurs (Schwarz and 
Canelli, 1957). It is also reported that in this condition the systolic murmur is maximal at the apex rather 
than the left parasternal region (Sanders et al/., 1957). 

Dilatation of the Left Ventricle with Mitral Regurgitation. The more gradual development of the 
murmur and its apical site would be of guidance here. 

Intraventricular Thrombus Causing Mechanical Obstruction to the Mitral Valve. This has been described 
in a man of sixty-four by Soulié and Gerbeaux (1938). In this patient who had had an infarct of the 
anterior two-thirds of the septum the typical murmur and thrill of a perforation were found, but post 
mortem there had been no rupture of the septum the papillary muscles were intact, but there was a large 
thrombus that was interfering with closure of the mitral valve. A similar case is also reported in a man of 
40 by Loeper et al. (1940). 


The reports of septal perforation in myocardial infarction have previously been reviewed by 
Sager (1934), Weber (1943) and more recently by Malone and Parkes (1955). Their cases, together 
with those published by 62 other authors and the 7 described in this communication, bring the total 
recorded to 113. 

Table I summarizes those cases that are recorded fully enough to extract the relevant infor- 
mation. The average survival time from the occurrence of the perforation is two weeks. It is 


TABLE I 
SUMMARY OF CASES OF RUPTURE OF THE INTERVENTRICULAR SEPTUM 





Men Women 














Number .. vs ee Re 58 33 

Age range (years) ack he 34-87 35-85 

Average age (years) .. ~ 61 65 

Average days survival .. <6 15 (36 cases) | 13 (22 cases) 
excluding these 6 .. .. | 6,11, 15,33, months | 5 and 8 months 
and 2 cases 4 and 5 years 





difficult to determine the time interval between the infarction and the rupture, and in many cases 
several episodes of infarction have occurred before rupture of the septum resulted. In thirteen of 
the recorded cases in which accurate estimation of this time interval was possible there did not 
appear to be any correlation between the interval and the period of survival. 

The systolic murmur, previously described, is a most important clinical feature; it was present 
in 67 out of 70 cases (96°%), the thrill was recorded in 34 out of 56 cases (62°). 

The site of perforation was in the lower part of the septum in 54 out of 82 cases (66°), in the 
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posterior part in 14 cases (17°%,), in the middle part in 11 cases (13°%), and in the superior part in 
only 3 out of the 82 cases (4°). 

The size of the perforation varied from a pin hole to several centimetres, these larger measure- 
ments applying to linear tears. In five cases multiple perforations were present. Out of 46 cases } 
recorded in detail the greatest measurement of the perforation exceeded 20 mm. in 7, was 10 to 
19 mm. in 23, 5 to 9 mm. in 6, and less than 5 mm. in 10. There is, however, no correlation 
between the size of the rupture and the survival time. 

Atheromatous changes were recorded as being common in the whole of the coronary system, 
the final occlusion being in the left coronary tree in 31 cases out of 40 (77°%), and in the right in | 
9 cases out of 40 (23°,). This preponderance of final occlusion in the left coronary system is not 
so well brought out by the cardiographic findings, for in 15 cases anterior infarcts were recorded, in 
2 lateral infarcts, and in 15 posterior infarcts. Additional cardiographic findings noted were com- 
plete heart block in 2 cases, varying degrees of lesser atrio-ventricular block in 3, and right bundle- 
branch block in 5 cases. From the reports it would appear that of 56 cases only 39 were diagnosed 
during life. 





CONCLUSIONS AND SUMMARY | 


Perforation of the interventricular septum following myocardial infarction is not very | 
unusual. It occurs in patients who have extensive coronary artery atheroma. Its recognition 
should not be difficult, and the prognosis is very poor. It is not possible to say whether anti- 
coagulant therapy will improve this prognosis, but in that the occurrence of a septal perforation is a 
measure both of the presence of extensive coronary artery disease and a recent large infarct the 
author considers the matter open to doubt. The reported cases have been reviewed, seven new 
ones added, and the clinical picture and differential diagnosis discussed. The main clinical signifi- 
cance of the condition lies in its prognostic value. 


The author is indebted to Dr. D. Powell for the post-mortem report on Case 7, and to Dr. D. MacKinnon for the 
post-mortem reports on the other cases. The author would also like to thank the general practitioners who referred 
these patients, and various resident house officers for their help with them. 
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CASE REPORTS 
ENDOCARDIAL FIBRO-ELASTOSIS IN A YOUNG ADULT 


BY 


RISTEARD MULCAHY AND ROBERT P. TOWERS 
From St. Vincent’s Hospital, Dublin 


Endocardial fibro-elastosis has been frequently reported in recent years, and the subject has been 
reviewed by Gray (1951), Davies and Ball (1955) and Lynch and Watt (1957), among others. | The 
largest series of cases have been described in the native peoples of East Africa (Bedford and Konstam, 
1946; O’Brien, 1954; Davies and Ball, 1955), although the white inhabitants of Africa are apparently 
not immune. Relatively few cases have been reported in the indigenous populations of the British 
Isles and America. 

The purpose of this case-report is to describe the clinical and pathological findings in a girl of 18 
years. Unusual features were the localization of the lesion to the right side of the heart and obvious 
retardation of sexual development. 

Case History 

Miss M., aged 18 years, was first admitted to St. Vincent’s Hospital in May 1956, with gross cardiac 
enlargement and congestive heart failure. Despite appropriate treatment, the heart failure showed little 
improvement. From this time until her death in January 1957, she had a raised venous pressure with systolic 
expansion, widespread oedema, ascites, and hepatic enlargement. Extensive investigations failed to reveal 
the cause of the heart lesion. The electrocardiogram showed controlled auricular fibrillation and low 
voltage in all leads. There was no eosinophilia. 

There was a history of jaundice as a young child. Otherwise the patient had been well until March 1955 
when she had an appendicectomy. It was noted that her abdomen became distended after operation, and her 
symptoms of fatigue and dyspneea on exertion dated from thistime. Previous to this, her effort tolerance had 
been normal. There was also a history of primary amenorrhoea, and on examination, there was retarded 
breast development and absence of axillary and pubic hair. 

Necropsy Findings. There was severe generalized cedema. Internally, the right pleural cavity was 
almost filled by opalescent, straw-coloured fluid, with a smaller amount in the left pleural cavity. The right 
lung was mainly collapsed, with apical emphysema; the left lung showed congestive changes with early 
bronchopneumonia. 

The pericardium contained a small excess of fluid. The heart and thoracic aorta weighed 360 g. after 
fixation. The right atrium was greatly dilated, with a large mass of adherent ante-mortem thrombus in the 
auricular appendage. The right ventricle was dilated. The endocardium of the right side of the heart was 
thickened, white, and opaque, with occasional patches of greater depth; that on the left side was more or less 
normal. The valves appeared normal and no congenital malformations were noted. The coronary veins 
and coronary sinus were dilated. The aorta was rather small; otherwise the great vessels and coronary 
arteries were normal. 

There was a large quantity of straw-coloured fluid in the peritoneal cavity. The liver was about normal 
in size, but showed marked “‘ nutmeg” change anda fine cirrhosis. The other abdominal viscera were normal 
except for congestion of the kidney and the brain. The ovaries were normal in size. 

All other organs were examined histologically except the uterus and ovaries, which were unfortunately 
mislaid. 

Heart. Sections were stained by hematoxylin and eosin, by the Verhoeff-van Gieson method for elastic 
tissue, and by Masson’s trichrome method. They showed much endocardial thickening due to fibro-elastosis 
in the right-sided chambers, and to a much lesser extent in the left atrium and ventricle. This process was 
beginning to extend into the muscle of the right ventricular wall, which contained numerous dilated vessels 
(see Fig. 1 and 2). Several branches of the coronary arteries showed a little intimal thickening, apparently 
567 
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resembling that of the endocardium. Some of the sub-epicardial fat cells in the region of the base of the heart 
showed the peculiar multilocular appearances of so-called brown fat. The significance, if any, of this finding 


is not clear. 





MULCAHY AND TOWERS 





Fic. 1.—A low-power view, showing the grossly thickened endocardium of 
the right ventricle, with extension into the underlying muscle. Many 
dilated vessels can be seen. Masson’s trichrome. x 35. 





Fic. 2.—Showing the numerous elastic fibres in the thickened endocardium of the 
right ventricle. Verhoeff-van Gieson. x 100 
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Liver. There was a rather unusual type of cirrhosis present, with bands of fibrous tissue running through 
the liver in a haphazard manner, unlike the typical centrilobular fibrosis of cardiac cirrhosis. This was 
undoubtedly the effect of long-standing, severe congestive failure (Sherlock, 1951). 


Comment 


This case appears to fall into the adult group described by Thomas et a/. (1954). As in the other 
reported cases, the origin of this lesion is obscure and, until a satisfactory explanation is forthcoming, 
all examples should be recorded. This particular case was a sporadic one in a relatively enclosed 
population in rural Ireland, the age of the patient and the lack of sexual development being unusual 
features. 


We are grateful to Doctor Harold Quinlan for his permission to publish this case. 
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DISSECTING ANEURYSM OF THE AORTA ASSOCIATED WITH 
GOLDBLATT KIDNEY 


BY 


G. D. OWEN AND P. N. COLEMAN 


From the Friarage Hospital, Northallerton 


Cases of dissecting aneurysm have been reported in which the dissection sheared off the origins of the 
renal arteries and brought about death from anuria. In the case to be described, the dissection involved the 
left renal artery only and the obstruction to the circulation was incomplete. The result seems to have been 
the development of hypertension, through a mechanism analogous to the classical Goldblatt experiments. 


Case Report 


The patient, a single women aged 54 years, was first admitted to hospital in December 1950 because she 
had suddenly lost consciousness for a short period the day before, and this had been followed by weakness in 
the left leg. On admission her blood pressure was found to be 210/100 but settled to 160/80 within a few 
days. She made good progress, but ten days after admission experienced a sudden attack of severe pain 
behind the sternum. The pain was described as cutting, and lasted for four hours. Four days later there 
were signs of a pleural effusion and 150 ml. of fluid was aspirated from the left chest. There were no further 
attacks of pain, and on discharge from hospital, one month later, X-ray films of the chest showed no 
abnormality. The blood pressure was 160/80 and there was a little residual weakness of the left leg. 

The patient remained fairly well for a few months, but her blood pressure then began to rise and she 
experienced headaches and palpitation. In September 1952 her blood pressure was 260/160 and she was 
treated with hexamethonium bromide. Early in 1954 she was admitted for a review of her hypertension, and 
a routine X-ray of her chest revealed an aneurysm of the ascending aorta. 'Wassermann and Kahn tests 
were negative. The patient improved with rest and was discharged after one month. 

In May 1954 she experienced her second attack of pain in the chest. She had no more pain in the chest 
that year, but in December she had severe and prolonged abdominal pain. Examined at her home, she 
was found to have an enlarged and very tender abdominal aorta. 

During the next two and a half years she had few attacks of pain and was fairly comfortable, leading a 
restricted life. A further chest X-ray in April 1957, showed that the thoracic aneurysm was now very 
large. In May there was another attack of severe chest pain and further attacks of pain occurred during the 
remaining months of her life. In March 1958, signs of cardiac and respiratory embarrassment appeared and 
she died in hospital at the end of April. 

Necropsy. The pleural cavities were occupied by large aneurysms, so that the right lung was completely, 
and the left lung almost completely, collapsed. The heart and the aorta, with the commencement of the main 
branches, were removed in one block (Fig. 1). There was no disease of the heart. A very large aneurysm 
of the ascending aorta and the first part of the arch was separated by an isthmus from a large aneurysm of the 
descending thoracic aorta. The aorta narrowed to pass through the diaphragm, to expand again into an 
aneurysm of the upper two thirds of the abdominal aorta. There were also aneurysmal dilatations of the 
innominate artery continuing into the right common carotid artery, and also of the left common iliac artery. 
All these aneurysms formed the parts of a system of intercommunicating dissections in the wall of the 
aorta, and an aorta of normal calibre traversed the centre of this system. The only communication between 
the interior of the aneurysmal system and the lumen of the aorta was a longitudinally running slit, 2-5 cm. 
in length, situated 3 cm. above the aotric valves. The intima of the aorta showed a moderate degree 
of atheroma in the thoracic part and considerable atheroma in the abdominal part. 

The right kidney appeared to be normal, but the left kidney was only half the size of the right and the 
capsule was adherent and the surface somewhat granular (Fig. 2). The origins of the main branches of the 
upper part of the abdominal aorta were then examined. The aneurysm was situated posteriorly; the coeliac 
axis, superior mesenteric, and right renal arteries originated from the aorta, but the origin of the left renal 
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DISSECTING ANEURYSM 





Fic. 1.—The heart and aorta, removed in one block with the origin of the main branches, viewed from behind. 

(1) Heart. (2) Aneurysm of the ascending aorta. (3) Arch of the aorta (note the aneurysm of the innominate 
artery). (4) Aneurysm of the descending thoracic aorta. (5) Aneurysm of the upper abdominal aorta. (6) 
Aneurysm of right common iliac artery. 

Although the aneurysms appeared to be saccular, from the external appearance; they form in fact a series of 
inter-communicating dissecting aneurysms with an aorta of normal calibre traversing the system. 


Fic. 2.—The kidneys and abdominal aorta mounted as a museum specimen. A plastic rod has been passed through 
the proximal and distal portions of the divided left renal artery. This rod does not enter the lumen of the aorta 
but lies behind it in the lumen of the dissecting aneurysm. 


artery was included in the dissection. The left renal artery thus communicated with the interior of the 
aneurysms, but there was no communication at all with the lumen of the aorta. The blood flow reaching 
the left kidney via the aneurysmal system must have been a very poor one. 

Sections from various parts of the wall of the aorta showed that there was an extensive degeneration of the 
elastic fibres of the media which were to a large extent replaced by collagen. Sections from the left kidney 
(Fig. 3) showed many sclerosed and hyalinized glomeruli with similar changes in many of the cortical 
arterioles. Only occasional sclerosed glomeruli were seen in the right kidney. 


Discussion 


Dissecting aneurysm is usually an event of short duration, ending in death from external rupture. In the 
present case, symptoms that suggested episodes of dissection occurred over a period of seven years, and 
external rupture never occurred. It has commonly been thought that dissection occurs as a result of a 
sudden breach of the intima, in an aorta weakened by previous degeneration of the media. There was 
medial degeneration in the present case, but the history and the small size of the communication between the 
aorta and the aneurysms did not suggest an origin in this way. However, Schnitker and Bayer (1944) con- 
sider that dissecting aneurysm usually begins within the media, as a result of rupture of one, or several, of 
the vasa vasorum; and a series of episodes of this type, some more extensive than others would explain both 
the history and the necropsy findings. 

Hypertension is a frequent forerunner of dissecting aneurysm and is sometimes one of the factors deter- 
mining its onset. Here probably, the hypertension was an effect, rather than a cause, and was the result of 
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Fic. 3.—Photomicrographs of the left renal cortex, showing many sclerosed 
glomeruli. There is also infiltration of the cortex by lymphocytes and 
plasma cells (Periodic acid Schiff. x96). 


interference by the aneurysm with the circulation in the left renal artery. The origin of this vessel was 
included in the aneurysm, and had been for a long time. An attack of pain, indicating an episode of 
dissection in the thoracic aorta, occurred before the patient had any serious hypertension, and the history 
suggests that silent dissection could have started in the abdominal aorta then or even earlier. Certainly 
extension of the dissections sometimes occurred silently in this patient, because early in 1951 X-rays of 
the chest showed no abnormality, whereas three years later they showed a thoracic aneurysm, without the 
patient having had any further chest pain. 

Obstruction to the circulation in the main renal artery is becoming recognized as a possible cause of 
hypertension (Lancet, 1958; and Poutasses and Dustan, 1957). Eastcott and Sutton (1958) mention this as 
a possible cause of hypertension, in a case of chronic dissecting aneurysm diagnosed by aortography. There 
is further support for this view in the present case, by the finding at necropsy of a contracted kidney with 
sclerosed glomeruli on the left side, and an almost normal kidney on the right. Once established, hyper- 
tension would be an important factor in bringing about further dissections, and removal of the left kidney at 
an early stage might have arrested the growth of the aneurysms. 


Summary 


A dissecting aneurysm of the thoracic and abdominal parts of the aorta increased in size over a period 
of seven years. There was a series of attacks of pain occurring at intervals, each attack suggesting a fresh 
episode of dissection. The thoracic aneurysm became very large and caused death from cardiac and respira- 
tory embarrassment. Hypertension was present, and is thought to have been caused by interference with 
the circulation in the left renal artery due to inclusion of its origin in the dissection of the abdominal aorta. 

Our thanks are due to Dr. K. H. Pickworth, the patient’s general practitioner, for some of the clinical details 
and to Mr. S. Taylor for the photographs, 
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JOHN HAY 


John Hay was born at Birkenhead on November 25, 1873, and died at his home at Bowness-on- 
Windermere on April 21, 1959. He had been an influential figure in the medical life of Liverpool 
for almost half a century. 

His father was an architect of distinction, and both his parents were Lowland Scots, Non- 
conformists, and ardent temperance workers—two loyalties their son maintained all his life. It 
may seem strange that someone who was so essentially a countryman at heart should have been born 
in Birkenhead; but in those days it was possible to walk down to the river through green meadows, 
which now are covered by endless warehouses and traversed by the dock road. Before the turn of 
the century the family moved to Heswall, then a delightful village on the banks of the Dee. 

He was educated at the Liverpool Institute and at the University College which was then a con- 
stituent college of the Victoria University of Manchester. After a brilliant career as a student, he 
qualified with the London Conjoint Diploma in 1895 and became M.B., Ch.B. of Manchester the 
following year. 

The older physicians often had a broad training that we should remember in our modern planning. 
When holding the Holt Fellowship, John Hay was able to do physiological work with Sherrington 
and this led to a lasting friendship; as demonstrator of anatomy he adorned the walls of the depart- 
ment with his own drawings of dissections; and as pathologist to the David Lewis Hospital he 
had a wide experience of post-mortems, so that he was well trained in the three basic sciences. 
He obtained his M.D. in 1901 and the M.R.C.P. in 1903. From 1900 to 1903 he was medical 
tutor and registrar to the Liverpool Royal Infirmary, and was the first to introduce artificial pneumo- 
thorax to Liverpool. 

About this time Hay became a disciple of James Mackenzie, and he had many tales of those 
exciting Sunday visits to Burnley. He was unashamedly a hero-worshipper and recognized Macken- 
zie with gratitude as one of his heroes who had influenced the most important stage in his professional 
life. He became keenly interested in the graphic methods of registering cardiac activity. The 
exchange of ideas was by no means in one direction, from master to pupil, and the early association 
ripened into a firm friendship between the two men and their families, which lasted until Mackenzie’s 
death in 1925. 

Hay (1905) was the first to report a necropsy with changes in the A-V bundle of a patient in whom 
block had been clearly recorded during life. He was the first to point out that ventricular beats 
may be dropped without a preceding change in the A-V interval (1906) and he, and also Wenckebach, 
showed that complete heart block could develop suddenly without any warning sign. Hay (1907) 
also gave one of the earliest accounts with polygraphic tracings of auricular paroxysmal tachycardia. 

He was interested in the health and welfare of children and took part in a review that revealed in 
half the poorer children in Liverpool a degree of malnutrition that was sufficient to interfere 
with their education. This review was partly responsible for the start of the school health service. 

In 1907 Hay was appointed Assistant Physician to the Liverpool Royal Infirmary, and with his 
experience of the polygraph it is not surprising that he soon started a special heart department— 
one of the first in the north of England. He became F.R.C.P. in 1915. He served with the Ist 
Western General Hospital in the 1914-18 war and became a Lieutenant-Colonel, R.A.M.C. Later 
he was regional adviser in medicine and cardiology to Western Command and to the Ministry of 
Pensions, and was also senior medical officer to the Royal Insurance Company. He was appointed 
a Deputy Lieutenant of the County Palatine of Lancaster. 
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In 1924, he became Professor of Medicine (part-time) in Liverpool University and threw himself 
with enthusiasm into his new duties. He had always been a great teacher; his wide learning, his 
clinical acumen, and his simple clear teaching made him popular with his students, and he taught 
them to develop a balanced judgment and reasoned optimism. 

His presidential addresses to the Liverpool Medical Institution were in 1928 on William Harvey— 
another of his heroes—and in 1930 on Sir James Mackenzie. He wrote several papers on coronary 
thrombosis, especially about its natural history and prognosis, and was quick to realize that the 
prognosis might be relatively good. This was the subject of his St. Cyres lecture at the National 
Heart Hospital in 1933. He served on the Council of the Royal College of Physicians from 1930 to 
1932. 

Apart from his own work, he was a constant inspiration and stimulus to others working in his 
department. As professor of medicine and senior physician of the hospital he exercised his authority 
with wisdom and foresight in helping to establish the Associated Voluntary Hospital Board, which 
later became the United Liverpool Hospitals. He will, perhaps, be remembered best as a great 
consultant and as a great teacher. It was an invaluable experience for his junior associates to watch 
him taking a history, and to observe his success in making a friend of a shy or awkward patient. 
He would ferret out the physical signs with zest and inspire us all with his enthusiasm. To the 
discussion that followed he brought a keen, analytical, and well-stored mind, backed by a wealth 
of clinical experience, and in conclusion he would recount one of his many humorous and apposite 
stories designed to imprint the whole case on the memory. As a physician he was remarkably 
kind and thoughtful, and would often visit the wards alone to unravel a case of unusual complexity 
or to help a patient under the stress of emotional or domestic difficulty. He was skilled in the 
science of medicine and a supreme master of the art. The warmth of his personality, helped by his 
friendly appearance and often by the silver grey suits he was fond of wearing, inspired confidence 
and gave his patients fresh strength and courage. 

We are indebted to Lord Cohen of Birkenhead for permission to quote what follows. ‘‘To 
me John Hay’s passing is the end of an era. Forty years ago he was my teacher and twenty-five 
years ago I succeeded him in the Chair of Medicine. At that time he seemed as young as any of his 
colleagues though he had been a resident before any of them were born. No one could have had a 
more loyal and helpful master and friend, or a wiser counsellor. He was devoid of malice and guile. 
His tact, integrity, and selflessness were seen in many delicate and successful hospital negotiations. 
In committee his sense of fairness, his ability to grasp the core of the problem and often, by his 
intuitive understanding of people and things, to solve it led to his being our accepted leader; but 
in this role he never sought to dominate; his sole aim was to help. Nor shall we forget his restless 
energy. 

John Hay was one of the dwindling band of original members of the Cardiac Club, in which he 
played a prominent part. He gathered the early experiences of the members with quinidine and estab- 
lished some of the principles for its use. In 1937, when the club changed to the larger British Cardiac 
Society, he had already retired from the Chair of Medicine but he remained a popular figure who was 
always at the centre of a group anxious to talk to him and to hear what he had to say. His last paper 
read in 1941, was about the treatment of coronary thrombosis, but for many years he remained in 
great demand as an after-dinner speaker: his felicity of speech, his wealth of reminiscence, and his 
ability as a story-teller and as a mimic were warmly appreciated. He was Chairman of the Society 
in 1928, 1932, and 1948, when he was also President of the Association of Physicians. He was 
elected an Honorary Member of both societies—a double distinction that gave him particular 
pleasure. 

Extensive as they were, his professional activities were only part of his life, though we often 
wondered how he found time for anything else. He was a great lover of beauty—in music, in pain- 
ting, in flowers, and in life. He was a capable musician and rarely missed a Philharmonic Society 
concert, though perhaps he got even greater pleasure from the more intimate charm of chamber 
music. He played the violin and viola with great enthusiasm, and when he was 75 he had to 
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change the time of a consultation with E.W.J. because of a music lesson, since as leader of the family 
quartet he said he had to set a good example. 

His sensitive artistic nature found an outlet in painting and his delicate water colours were 
exceptionally attractive and adorned the rooms of many of his friends. The subjects were usually 
country scenes in his beloved Lake District or some notable piece of Georgian architecture among 
the older houses in Liverpool. Many of us will cherish his distinctive Christmas cards drawn by 
hand. At one time he was president of the Liver Sketching Club. 

An enthusiastic photographer, he had a happy knack of catching a characteristic pose and several 
of his photographs have been used in this Journal to illustrate the memoir of a member. He kept 
a comprehensive record of all his “firms” and their later careers were carefully entered. No won- 
der they all loved him, and his last ward round brought out a demonstration of spontaneous 
affection and enthusiasm that must have been unique in the long history of the Royal Infirmary. 

His love of the countryside was another abiding interest, dating back to walking tours in Ireland 
(literally travels with a donkey) and Scotland. Later he developed a deep attachment to the English 
Lake District that remained to the end of his days, and fell-walking was undertaken with the same 
enthusiasm as all his other activities. In later years he became an expert bee-keeper, and was 
able to devote time to aid the Friends of the Lake District. He had always loved his garden, even 
in the Liverpool days, but his retirement to the Lake District gave him the time and opportunity for 
gardening on a more ambitious scale. This ambition was fully gratified, at the cost of hard physical 
effort, at Knott End and again at Underfell. 

Those of us who visited him at his home in Bowness knew that his supremely active mind had 
achieved serenity. The time came when the colours he had loved and captured in his paintings 
could no longer be seen, and the step that had retained its boyish spring for over 80 years at last 
began to falter: his interest in the garden passed imperceptibly from brisk activity to tranquil enjoy- 
ment. He faced the increasing limitations of the last few years with fortitude and equanimity. 
But in spirit and conversation he remained youthful to the end. 

In 1906, he married Agnes Margaret, daughter of William Duncan of Tyldesley, Lancashire, 
and they had two sons and two daughters. His wife died in 1947. His elder son is professor of 
child health at the University of Liverpool and the younger is physician at the Royal Lancaster 
Infirmary. 

MAURICE CAMPBELL 
E. WYN JONES 
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We should like to thank Messrs. Burrell and Hardman Ltd. of Rodney St., Liverpool for permission to reproduce 
the photograph. 

















PROCEEDINGS OF THE BRITISH CARDIAC SOCIETY 


The THIRTY-EIGHTH ANNUAL GENERAL MEETING Of the British Cardiac Society was held at the Reardon 


Smith Theatre, the National Museum, Cardiff, on Thursday, April 9, 1959. The President, MAURICE 
CAMPBELL, took the Chair at 9.0 a.m. during Private Business, before handing over to the Chairman, 
WILLIAM PHILLIPS. 143 members and 35 visitors were present. 


E 


nN 


10. 





PRIVATE BUSINESS 


The Minutes of the last Annual General Meeting, having been published in the Journal (20, 582, 1958) 
were taken as read and confirmed. 


. The Balance Sheet for 1958-59 was presented, having been audited and found correct by Baker and 


Phillips. The credit balance on March 31, 1959, was £448 3s. 2d. In addition the Society held 
£800 24 per cent Savings Bonds 1964/67. 


. Maurice Campbell was re-elected President for a further period, for the year 1959-60. 


. Curtis Bain, Boyd Campbell, East, Hobson, Marshall, O’Farrell, and Patterson were elected Extra- 


Ordinary Members of the Society. 


. Dr. John H. Halliday of Australia, Dr. John Keith of Canada, and Dr. H. E. Holling, now in America, 


were elected Corresponding Members of the Society. 


. It was agreed that Rule 21 should be altered to read: 


. .. the Secretary and the Treasurer. The Council shall have power to co-opt one or two addi- 
tional Members for a period of up to three years, if they think there is any special reason for it. 
Two of ... 
Bedford, President of the European Society of Cardiology and First Vice-President of the Interna- 
tional Society of Cardiology, was elected a co-opted Member. 


. Swan and Turner were elected Members of the Council in place of Baker and Gilchrist (term of office 


expired). Morgan Jones was elected Member of the Council for one year in place of Bain, on his 


retirement. 

. The following Associate Members were elected as Ordinary Members: 
Anderson, C. D. Gray, I. R. Smiley, T. B. (SM) 
Benn, J. Hill, I. M. (SM) Steen, R. E. 
Cameron, A. J. V. Hollman, A. Stokes, W. 
Cumming, A. R. R. Luxton, R. W. Wells, B. G. 
Drew, C. E. (SM) Makinson, D.H. Wooler, G. H. (SM) 
Gibson, R. V. Pearson, H. E. S. 

. The following Associate Members were re-elected for a further period of three years (Rule 11): 
Besterman, E. M. M. Thomson, R. M. 
Fraser, H. R. L. Weitzman, D. 

The following new Associate Members were elected and introduced to the President and Chairman: 

K. P. Ball (London) D. G. Julian (Edinburgh) 
S. R. Barclay (Glasgow) * D. G. Melrose (London) 
J. A. Bingham (Belfast) * P. G. F. Nixon (Leeds) 
D. C. Deuchar (London) S. H. Taylor (Birmingham) 
D. M. Douglas (Dundee) * D. M. E. Thomas (Cardiff) * 
D. Heath (Birmingham) H. Watson (Dundee) 
M. C. Holt (London) L. R. West (Sully) 


* Surgical Members 
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. The President reported that the committee appointed to consider the advisability of setting up an 
organization mainly for collecting funds for cardiological research had reported to the council in 
favour of such an organization, independent of the British Cardiac Society; and that the Council 
were considering further the steps that should be taken. 

He reported also that the Ministry of Health had in general approved the report of the RCP Com- 
mittee of Cardiology, and that through their senior administrative medical officers they had drawn 
the attention of Regional Boards to its recommendations. Members who had problems of this 
nature in their regions might find this information of value in approaching their Regional Boards. 


. The Autumn Meeting of the Society is to be held at the Royal Society of Medicine, London, on Friday, 
October 30, 1959. 


13. The next Annual General Meeting of the Society is to be held at the London Hospital, under the Chair- 
manship of William Evans, on Thursday, May 26, 1960, the day before the Meeting of the Association 
of Physicians. 


14. The II Asian-Pacific Congress of Cardiology to be held in Melbourne, under the Presidency of Dr. 
Antonio Samia of Manila, from May 30 to June 3, 1960. 


15. The III European Congress of Cardiology to be held in Rome, under the Chairmanship of Professor 
Condorelli, from September 18 to 25, 1960. 


16. The President announced that an invitation from Bruce Perry to hold the Annual General Meeting of 
the Society in 1961 at Bristol had been accepted. 


DEMONSTRATIONS (see p. 584) were available in the Marble Hall of University College throughout the 
meeting and were visited during the morning from 11.0 to 12.15. 

Lunch was served in the University College Students’ Union by kind invitation of the Welsh National 
School of Medicine. 

After a sherry party given at the Royal Hotel by local Members, the Society dined together with William 
Phillips in the Chair. After dinner, Campbell proposed the health of the Chairman and the Chairman 
replied, drawing the attention of Members to the excellent portrait of Sir Thomas Lewis and to some of his 
early manuscripts, drawings, and papers that were on view. 


— 


tN 


SCIENTIFIC COMMUNICATIONS 


THE SIGNIFICANCE OF A DEEP S WAVE IN LEADs II AND III OF THE ELECTROCARDIOGRAM 
By Hywel Davies (introduced by William Evans) 


The T wave and its surrounds and the initial moiety of the QRS complex in the electrocardiogram have 
received most attention whenever myocardial disease has been sought. The purpose of this work has been 
to discover the contribution that changes in this terminal portion of the QRS complex can make to the 
diagnosis of heart disease, since it has not been subject to the same scrutiny. 

The pattern of which the significance has been sought consisted of a deep S wave in lead III, and an 
S wave greater than the R wave in lead II in the absence of an S wave in lead I. This distinctive electro- 
cardiogram was rarely found in a series of apparently healthy subjects over 40 and was absent in those 
under 40. It was then sought in patients with diverse cardio-arterial disease, and these findings were 
presented. 


THE SHAPE OF THE S—T SEGMENT IN THE ASSESSMENT OF CORONARY INSUFFICIENCY 
By Douglas Robertson 


In the electrocardiographic assessment of short-term coronary insufficiency, in relation especially to 
angina of effort and the exercise test, the usual criterion is depression of S-T (commonly most evident in 
apical chest leads CR or V4 and V5). A downgoing course of S-T has also been noted (Holzmann, 1952). 

Attention is now drawn to the actual shape of the ST-T section, quite apart from any depression of the 
S-T segment. After exercise, and commonly with angina, the ST-T angle is, or approaches, a right angle; 
and there is an increased rectilinearity of this section of the electrocardiogram compared with its shape at 
rest. 
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THE ACUTE PHASES OF ISCHAMIC HEART DISEASE RELATED TO BLOOD COAGULATION 
By Lawson McDonald 


Blood coagulation was compared in 22 healthy controls, 30 patients with angina pectoris on exertion, 
7 with acute coronary insufficiency, and 10 with cardiac infarction, with regard to platelet-count, estimation 
of platelet-stickiness, fibrinogen-estimation, thromboplastin-generation, and prothrombin-time (Russell’s- 
viper venom, Stypven). Coagulability of the blood, in respect of platelet-stickiness, thromboplastin- 
generation, and fibrinogen-estimation, increased significantly from the healthy controls to patients with 
angina pectoris, and again from patients with angina pectoris to those with cardiac infarction. In acute 
coronary insufficiency the platelet-count was significantly higher than in healthy controls and patients with 
angina pectoris; otherwise results were not significantly different from those in angina pectoris. 

Extreme hypercoagulability of the blood was therefore revealed after cardiac infarction; and hyper- 
coagulability, comparable to that in angina pectoris, was demonstrated with acute coronary insufficiency, 
It is concluded that when the blood of patients with ischemic heart-disease is studied in vitro there is clear 
evidence of phasic hypercoagulability, which is entirely in keeping with a variable hyperthrombotic state, 
These findings were discussed in relation to the natural history and treatment of ischemic heart-disease. 


THE DIAGNOSIS OF SMALL VENTRICULAR SEPTAL DEFECTS 
By Keith Jefferson (introduced), Aubrey Leatham, and Graeme Sloman (introduced) 


Ten patients diagnosed clinically as having a small ventricular septal defect have been investigated. In 
six the diagnosis was confirmed in the usual way by detecting an increased oxygen saturation in the right 
ventricle. In the remaining four no significant increase in oxygen saturation could be detected in the right 
ventricle, but the presence of a ventricular septal defect was demonstrated by cine-angiocardiography with 
injection of contrast medium into the right ventricle. Thus, failure to detect an increase in oxygen satura- 
tion in the right ventricle does not exclude a small ventricular septal defect. 

The heart sounds and murmurs were described. Abnormally wide splitting of the second heart sound 
was found in four patients. The systolic murmur was pansystolic in nine patients, but in one, in whom the 
defect was thought to be unusually low on the angiocardiogram, the murmur was confined to early systole. 
It was suggested that the defect in this patient was in the muscular septum and closes during the latter part 
of ventricular contraction. 


THE INFLUENCE OF PULMONARY VASCULAR DISEASE UPON THE RESULTS OF CLOSURE OF VENTRICULAR 
SEPTAL DEFECT 


By H. H. Bentall (introduced), D. G. Melrose, W. P. Cleland, J. F. Goodwin, and A. Hollman 


The immediate, and probably the late, prognosis of the surgical closure of ventricular septal defect is 
related to the degree of pulmonary hypertension persisting after the defect is closed. In a series of patients 
operated on with total cardio-pulmonary by-pass, the right ventricular pressure measured at operation after 
closure of the defect has been related to various hemodynamic measurements made at cardiac catheteriza- 
tion. A good negative correlation has been found between the right ventricular pressure on the one hand 
and pulmonary arteriolar resistance and pulmonary artery oxygen saturation on the other. These measure- 
ments thus appear to be reliable practical guides to the state of the pulmonary circulation. 

The patients have been divided into three groups according to the pulmonary resistance: (a) 1-7 units, 
(b) 8-14 units, and (c) over 14 units. The operative mortality was low in group (a), appreciable in (6), and 
high in (c). 

The clinical picture has been analysed in the light of the pulmonary resistance. As the resistance 
rose the murmur of the ventricular septal defect and the mitral diastolic flow murmur became shorter and 
softer, and the left ventricular impulse less. Information of only limited value was obtained from the 
cardiogram which usually showed combined ventricular hypertrophy. The implications of the physical 
signs and pulmonary vascular resistance on the selection of patients is discussed. 


FUNCTIONAL INFUNDIBULAR STENOSIS AND ITS RELATION TO THE SPLIT SECOND SOUND IN ATRIAL 
SEPTAL DEFECT 


By A. M. Johnson (introduced by Charles Baker) 


Seventy-five cases of pulmonary valve stenosis have been studied to determine the incidence and prognosis 
of secondary, hypertrophic infundibular stenosis. Observations have been made that show that the 
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infundibulum of the right ventricle commences to contract about 0-1 sec. after the start of systole in the 
right ventricular body, that infundibular contraction is maximal at the time of right ventricular proto- 
diastole, and that it results in complete occlusion between right ventricle and infundibulum at this time for 
at least 0-1 sec. Congenital and acquired types of infundibular stenosis can be distinguished from one 
another by both hemodynamic and clinical features. 

The entity of contractile infundibular stenosis is found to occur in atrial septal defect and appears to be 
responsible for the wide splitting of the second heart sound and for the brevity of the pulmonary systolic 
ejection murmur in this condition. The absence of wide splitting in some cases of atrial septal defect with 
pulmonary hypertension may also be explained, as may the usual absence of wide splitting in ventricular 
septal defect and in patent ductus arteriosus. 

These observations were illustrated and discussed, and the clinical and phonocardiographic signs in all 
these conditions were correlated with them. 


CONGENITAL BicusPID AORTIC VALVES IN THE AETIOLOGY OF ISOLATED CALCIFIC AORTIC STENOSIS 
By Michael B. Matthews and Anthony P. C. Bacon (introduced) 


Bicuspid aortic valves, in association with coarctation of the aorta, are liable to calcific degeneration and 
aortic stenosis. Bicuspid aortic valves were examined in nine pathological museums to determine whether 
this was also true in a wider context. From a total of 55 specimens 28 were selected for special study 
because these were almost certainly congenital and the age and sex were known. Twenty-two were male. 
Ten had a co-existing congenital anomaly. Thickening of the cusps increased with age; calcification 
appeared in the fourth decade and was present in all nine specimens from those aged more than sixty. 
Seven specimens had subacute bacterial endocarditis, and 13 had calcific aortic stenosis (usually from valve 
rigidity rather than fusion of the cusps). Of 80 specimens of aortic stenosis in these museums 18 were 
clearly bicuspid with cusps of about equal size, and 50 clearly tricuspid. None of the former, and twenty 
of the latter had co-existing mitral stenosis, suggesting a non-rheumatic etiology for such bicuspid aortic 
stenosis. 

Degeneration in congenitally bicuspid aortic valves, the commonest congenital valvular abnormality, 
probably contributes significantly to cases of isolated calcific aortic stenosis, and this may be a commoner 
fate than the development of subacute bacterial endocarditis. 


THE DIAGNOSIS OF SUBVALVAR AORTIC STENOSIS 
By E. W. Hancock (introduced by Charles Baker) 


Severe aortic stenosis is subvalvar in 15 per cent of all cases, and in nearly 50 per cent of those under 
the age of 25. The differential diagnosis is a matter of practical importance, as the surgical approach to the 
two conditions is different. This report is based on 9 patients with subvalvar aortic stenosis studied with 
percutaneous left ventricular puncture with aortic catheterization and withdrawal pressure records across 
the aortic valve, contrasted with 40 patients with aortic valve stenosis similarly studied. 

Calcification of the valve is a specific indication that the stenosis is valvar, but rarely occurs under the 
age of 25. Conspicuous post-stenotic dilatation of the aorta usually indicates valve stenosis. The most 
helpful clinical sign is the presence of an aortic ejection sound, which occurs in almost all patients with non- 
calcific aortic valve stenosis, but does not occur in subvalvar stenosis. Evidence was presented that the 
ejection sound in aortic stenosis is an opening snap of the aortic valve. 

Some patients with subvalvar aortic stenosis have an arterial pulse contour that is faster rising and has an 
earlier peak than is ever seen in aortic valve stenosis. Evidence was presented that these patients have 
an element of functional obstruction due to muscular contraction in the left ventricular outflow tract. 


VISUALIZATION OF THE AORTIC VALVE BY CINE-AORTOGRAPHY 
By Keith Jefferson and Graeme Sloman (introduced) 


Increased knowledge of the anatomy and function of the diseased aortic valve should help in selection of 
suitable cases for surgery. Twenty-five dogs were studied using cine-aortography to develop a method 
Suitable for application to man. When a large bore N.I.H. catheter was correctly positioned in the ascending 
aorta of a dog and contrast medium rapidly injected, the cine-aortogram clearly showed valve movement 
without any reflux of contrast medium across the normal valve. 
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Ten patients were then studied using a similar technique, without complication. Under light basal 
sedation the speciai catheter was introduced through a right brachial arteriotomy into the ascending aorta 
and contrast medium injected. Selected cine films are shown to illustrate the advantages of this method, 
Deformed valve leaflets can be studied and the amount of aortic regurgitation roughly assessed by observing 
the regurgitation of contrast medium through the aortic valve. It is concluded that cine-aortography can 


contribute to an understanding of the function of the diseased aortic valve; it may be of value when a direct 
operation on the valve is planned. 


Afternoon Session 


ELECTROCARDIOGRAPHIC CHANGES DURING CARDIAC OPERATIONS PERFORMED WITH THE HELP OF A 
PUMP-OXYGENATOR 


By D. C. Deuchar 


Electrocardiograms during 28 operations, performed on 13 patients with Fallot’s tetralogy, 9 with 
ventricular septal defect, and 6 with other congenital defects, have been analysed. Some changes, probably 
due to anesthesia, etc., are seen also during operations without artificial circulation. In four patients in 
whom the ventricles were not opened and the heart not arrested, no other changes were recorded, suggesting 
coronary perfusion was adequate. In 10 patients potassium citrate was used to arrest the heart and their 
records illustrate various effects of potassium intoxication. In two patients arrest was induced by anoxia. 
In the remainder the major changes during the period of artificial circulation were apparently related to the 
operative manipulations. Closure of a ventricular septal defect was commonly associated with the develop- 
ment of right bundle-branch block and sometimes with A-V block. With the exception of this last effect 
none of the changes observed appeared to be related to the prognosis. 


THE EFFECT OF HYPOTHERMIA ON ATRIAL FIBRILLATION 
By Walter Somerville 


The effect on the heart rhythm of lowering the body temperature from normal to 30° C. (86° F.) has 
been observed in 15 patients with atrial septal defect in established atrial fibrillation. Frequent electro- 
cardiograms were recorded during the induction of hypothermia (by immersion in cold water), during 
cardiotomy and closure of the defects, and subsequently during re-warming. 

The earliest effect of cooling was slowing of the ventricular rate. The ventricular rhythm became 
precisely regular in half the patients when the temperature had fallen 1—2° C., the atria continuing to fibrillate 
at a slower rate. Evidence is produced that lowering the temperature blocks the impulses from the fibril- 
lating atria to the A-V conducting tissues. Eventually a new pace-maker takes over. At first it is situated 
above the bifurcation of the bundle of His. As the temperature falls, it descends lower in the conducting 
tissue and may be located for a time in one or other ventricle. 

In three patients, atrial fibrillation that had been established for years reverted to sinus or nodal 
rhythm on cooling to 32° C.: it returned when the heart was handled and incised. One patient with atrial 
flutter behaved in a similar way. Possible explanations for these events are discussed. 


THE KINKED INNOMINATE VEIN 
By K. Shirley Smith 


This sign is a unilateral left-sided engorgement of the external jugular vein. It is produced by pressure 
upon the left innominate vein exerted from below by a high and probably rigid (atherosclerotic) arch of 
the aorta. 

The sign is analogous to the well-known kinked carotid but unlike that sign it is seen as often in men as 
in women. It has nothing to do with the venous congestion of heart failure which is bilateral: this clinical 
differentiation is important. Hypertension of moderate or severe grade is usually present when this sign is 
seen. Photographs of the sign were shown and corresponding X-ray films, demonstrating the relationship 
to a high and sometimes atheromatous aorta. 

The kinked innominate is held to be a useful addition to the rather tenuous means hitherto available for 
the clinical diagnosis of aortic enlargement. 
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ATYPICAL CONSTRICTIVE PERICARDITIS 
By Ronald Gibson 


Eight cases of severe constrictive pericarditis showed the following features: (1) absence of a third heart 
sound or palpable diastolic shock, and (2) a high venous pressure with an abrupt systolic descent as the 
dominant wave, in contrast to the usual diastolic collapse. 

Cardiac catheterization was carried out in seven cases and showed elevation of the mean right atrial 
pressure averaging 15 mm. Hg (range 8-23). There was an abrupt systolic fall in the right atrial pressure 
pulse 0-1 sec. after the onset of QRS. This fall in pressure was independent of sinus rhythm and of peri- 
cardial calcification, and is thought to be due to the rapid ejection of blood from within the rigid pericardium 
during ventricular systole. It lowers the subsequent V wave and reduces the early diastolic pressure 
difference between the right atrium and right ventricle, causing the absence of the third heart sound. 

A high venous pressure, showing a systolic descent as the dominant wave, in the absence of a third 
heart sound is, I think, pathognomonic of severe pure pericardial constriction or cardiac tamponade. 


POSTURAL HYPOTENSION: A Clinical and Pathological Study 
By G. de J. Lee, K. E. Cooper, and D. R. Oppenheimer (introduced) 


Circulatory studies performed in a case of severe postural hypotension are described. These appeared 
to show that the afferent arc of the sympathetic system was intact, but that the efferent arc was grossly 
impaired. At subsequent necropsy, histological examination revealed degeneration of the lateral horn cells 
of the spinal cord. 


THE EFFECT OF DURABOLIN ON EXPERIMENTAL ATHEROMA 
By R. Pirrie and R. S. F. Campbell (introduced) and T. D. V. Lawrie 


Cstrenolone can reduce serum cholesterol in dogs, but unpleasant side effects preclude its use in man. 
It was, therefore, decided to try the effect of a closely related substance—durabolin—on serum cholesterol 
levels and experimentally induced atherosclerosis. The animal used was the chick. The experiment was 
designed as follows, and there were 12 birds in each group. 

Group I—normal diet for 8 weeks. 
II—normal diet+ atherogenic diet for 8 weeks. 
I1I—normal diet+atherogenic diet for 5 weeks. 
1V—normal diet+atherogenic diet for 8 weeks+drug (1 mg./day) for the last 3 weeks. 
V—Same as IV but 5 mg./day given. 
VI—Normal diet+drug (1 mg./day) for last 3 weeks. 

Serum cholesterol and phospholipid levels were estimated at the start and after 5 and 8 weeks. 

In 1 mg. dose the drug produced a significant fall in serum cholesterol and C/P ratio: there was a 
diminution in the severity of aortic atherosclerosis. In 5 mg. doses it had no effect on serum cholesterol or 
phospholipid levels but it produced a significant diminution in the severity of aortic atheroma and regression 
of coronary artery lesions. 


MITRAL REGURGITATION AND AN OPENING SNAP CAUSED BY DISEASE OF THE MURAL CUSP 
By Peter Nixon 

Shrinkage of the mural cusp may cause mitral regurgitation in rheumatic heart disease. Lillehei (1958), 
Kay (1958), and Wooler (1959) have treated the condition by suturing plastic sponge to the mural cusp to 
make a platform against which the mobile aortic cusp can close in systole. 

Mural cusp regurgitation may be diagnosed when a loud opening snap occurs in association with the 
murmur of mitral regurgitation. In 13 patients with these signs, the important finding at cardiotomy was 
regurgitation caused by retraction of a shrivelled mural cusp beyond reach of a relatively healthy aortic cusp. 
Regurgitation ranged from a small stream through a narrow orifice, with a systolic murmur as its only 
manifestation, to gross reflux through an orifice large enough to permit rapid ventricular filling. 

In those patients with a third sound of rapid left ventricular filling the mitral orifice measured more than 
2:0 cm. in diameter. Dense fibrosis prevented commissurotomy in some patients with smaller orifices. 
In all the left atrial pressure at V was high. 

It follows that the opening snap cannot be dependent upon the mitral lesion being purely stenotic, upon 
commissures that split easily, or upon mobility in the mural cusp. It must surely be caused by a high left 
atrial pressure producing sudden movement in a pliant aortic cusp. 
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DEMONSTRATIONS AND EXHIBITS 


ABNORMALITIES OF THE AORTIC ARCH 
By H. R. S. Harley 


APPLICATIONS OF LEAD FIELD SPATIAL ELECTROCARDIOGRAPHY IN STUDIES OF UNTRAINED AND TRAINED 
SUBJECTS, WITH OBSERVATIONS MADE DURING THE BRITISH EMPIRE GAMES 1958 


By R. C. Jordan and F. W. Beswick (introduced by William Phillips) 


MICRO-EMBOLI IN EXPERIMENTAL CARDITIS 
By Aneurin Hughes (introduced by William Phillips) 


SOME UNUSUAL CONGENITAL CARDIOVASCULAR ANOMALIES 
By A. W. Turnbull and K. M. Laurence (introduced by William Phillips) 


OBSERVATIONS ON THE ELECTROCARDIOGRAM IN HYPOTHERMIA DURING NEURO-SURGICAL PROCEDURES 
By S. Galloon (introduced by William Phillips) 


MYOCARDIAL INJURY FROM THERAPEUTIC IRRADIATION 
By Mary Catterall (introduced by William Evans) 


In patients who have received radiotherapy for malignant disease in the region of the chest, the diagnosis 
of cardiac infarction has sometimes been entertained when chest pain has appeared as a prominent symptom 
during, or subsequent to, treatment. The making of this diagnosis presupposes a knowledge of the effects 
of radiation upon the heart, and whether such irradiation by itself can produce changes in the electro- 
cardiogram similar to those found in cardiac infarction. 

Irradiation of carcinoma of the bronchus and carcinoma of the right breast produced no cardiographic 
changes since the therapeutic beam did not traverse any part of the heart. Irradiation of carcinoma of the 
left breast, on the other hand, caused cardiographic changes similar to those found in cardiac infarction. 
Although at their prime four months after the cessation of treatment, the changes had disappeared within 
six months. It was calculated that the radiation dose has to be in the order of 3000 roentgens before it 
produces this temporary myocardial injury. 


THE CARDIAC TOXICITY OF SODIUM ANTIMONY TARTRATE 
By M. Honey (introduced by Kenneth Harris) 


Sodium antimony tartrate (S.A.T.) is still the most effective drug in the treatment of schistosomiasis and 
is used as a routine at the Hospital for Tropical Diseases. At the end of a course of treatment, a West 
African girl, aged 23, developed severe chest pain, circulatory collapse, and Stokes-Adams attacks; the 
cardiogram showed S-T elevation and T wave inversion, suggestive of coronary disease, with paroxysmal 
ventricular fibrillation. Complete clinical and cardiographic recovery followed. 

Consequently 50 patients having courses of S.A.T. treatment at the Hospital had 12-lead cardiograms 
recorded at the beginning and end of the course; some had serial records during treatment also and most a 
follow-up record about six weeks later. A consistent pattern was demonstrated, with (1) reduction in ampli- 
tude of T in all leads, (2) a characteristic ‘‘upward-sloping’’ S-T segment with terminal dipping of T, and 
later in some (3) frank T wave inversion with convex S-T segment elevation, and usually (4) prolongation 
of Q-T. These changes were maximal in precordial leads V2-V4; only one patient failed to show any 
abnormality. 

The changes were classified into four grades of severity. There was relatively little correlation with the 
total dose of S.A.T. (in mg./kg.) and individual variation in susceptibility seemed more important. Severe 
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changes are particularly likely in patients of African or Asian origin. Evidence is presented suggesting 
that tissue concentration rather than blood level of antimony determines the changes. During the study, 
a West African girl, aged 21, died suddenly. Autopsy findings, including the results of tissue antimony 
analyses, were presented. 

It is suggested that the cardiographic changes are indicative of serious, potentially lethal, myocardial 
injury. 


AN EVALUATION OF THE ABC LEADS IN ISCH4@MIC HEART DISEASE 
J.C. C. Kelly, and W. M. Lancaster (introduced), and T. Semple 


Since the paper by Trethewie (Brit. med. J., December 13, 1958), we have had ABC leads done, con- 
currently with the standard 12-lead cardiogram, on ail patients admitted to and attending the Victoria 
Infirmary, Glasgow, who were suspected of ischzemic heart disease. We have analysed the results in some 
250 patients, using double reading of all tracings and have attempted to correlate the ABC findings with 
standard tracings and with clinical or final diagnoses. Similar studies have been made in 30 normal subjects. 

It is concluded that the ABC presentation will not replace the standard 12-lead cardiogram. The 
question of whether it may give additional information, when the standard tracings are equivocal, 
was discussed. 


PITUITARY-ADRENAL EXHAUSTION IN CHRONIC HEART FAILURE 
By J. N. Mickerson (introduced by K. Shirley Smith) 


Five patients with obstinate chronic heart failure of varied etiology were discussed. Diuretic drugs 
proved ineffective and cedema persisted despite hyponatremia. A\ll five were excessively drowsy and weak; 
all had increased skin pigmentation and four buccal pigmentation also. Estimation of the urinary 17- 
ketosteroid and corticoid excretion in four revealed subnormal values but following corticotrophin adminis- 
tration these values increased. The results indicated adrenocortical deficiency secondary to diminished 
anterior pituitary function. 

A possible explanation for this phenomenon is that increased pituitary and adrenocortical activity 
associated with early stage heart failure results in anterior pituitary exhaustion when heart failure persists 
or prolonged salt restriction extends the demands upon this mechanism. Posterior pituitary antidiuretic 
hormone (A.D.H.) overactivity could then account for the water retention and continuing oedema. 

The known action of adrenocorticoids antagonizing A.D.H. activity at the renal tubule could explain 
the enhanced diuresis, correction of electrolyte disturbance, and relief of heart failure that followed cor- 
rection of the adrenocortical deficiency when prednisolone was administered in physiological amounts and 
continued as long term substitution therapy. 
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Edited in collaboration with Abstracts of World Medicine 


The Eisenmenger Syndrome or Pulmonary Hypertension 
with Reversed Central Shunt. P. Woop. Brit. med. J., 
2, 701 and 755, 1958. 


In this paper (which is the text of the Croonian Lectures 
for 1958) the author suggests that the condition of which 
a typical example was first described by Eisenmenger 
in 1897 and which has since become known as Eisen- 
menger’s complex can be redefined in the light of modern 
knowledge as ‘“‘pulmonary hypertension at systemic 
level, due to a high pulmonary vascular resistance 
(over 800 dynes per second per cm.>), with reversed 
or bidirectional shunt through a large ventricular septal 
defect (1:5 to 3 cm. across).”” He defends the retention 
of the eponym for this condition, but points out that 
‘‘a remarkably similar physiological situation occurs 
when any large communication between the two circula- 
tions is complicated by a pulmonary vascular resistance 
around systemic level” and lists 12 different types of 
anatomical abnormality that may present in this way. 
Since the exact anatomical diagnosis in such cases may 
be uncertain, he suggests that the term ‘‘Eisenmenger’s 
syndrome” be used to embrace all of this group of 
conditions ‘“‘when behaving physiologically like ‘Eisen- 
menger’s complex’ proper.” He describes the distinctive 
characteristics of the members of the group on the basis 
of an analysis of 127 cases of Eisenmenger’s syndrome 
personally investigated, of which 15 came to necropsy, 
together with 38 cases collected from other sources, all 
of which were examined post mortem. 

Of the various abnormalities with which Eisenmenger’s 
syndrome may be associated the commonest are patent 
ductus arteriosus, ventricular septal defect, and atrial 
septal defect. Patients with atrial septal defect generally 
develop the syndrome, if at all, in adult life, the syndrome 
presenting at an average age of 35 years. Their high 
pulmonary resistance is apparently acquired and is by 
no means inevitable, for the pulmonary resistance usually 
remains low in spite of a lifelong heavy pulmonary flow. 
In contrast, patients with large interventricular and 
aorto-pulmonary communications usually develop the 
Eisenmenger syndrome early in life, for the right ventricle 
and pulmonary artery are inescapably exposed to systemic 
pressure. Their high pulmonary resistance is established 
at birth or in infancy. 

Among the 53 cases in which necropsy was performed 
death was due to hemoptysis in 29 per cent, attempted 
surgical cure in 26 per cent, congestive failure in 17 per 
cent, and presumed ventricular fibrillation in 14 per cent. 
The size of communication in cases of patent ductus 
arteriosus and ventricular septal defect was large compared 
with that usually found in similar cases without Eisen- 
menger’s syndrome, whereas in cases of atrial septal 


defect it was no bigger than in cases with a normal or 
low pulmonary vascular resistance. The histological 
changes in the pulmonary vessels are briefly described, 
and the protective effect of pulmonary stenosis is noted, 
Whether or not the aorta overrides the right ventricle 
is considered to be unimportant for the genesis of the 
syndrome. 

The occurrence of a common physiological pattern in 
association with so many different types of anatomical 
defect is explained by the author as follows. In the 
normal child at birth the pulmonary resistance falls 
rapidly with the expansion of the lungs with air to a value 
roughly equal to that of the systemic circulation, its 
further fall to adult level being a gradual process associ- 
ated with diminishing vasoconstrictor tone due to rising 
alveolar oxygen tension, involution of the muscular pul- 
monary arteries, and closure of the ductus arteriosus. 
This process is prevented in most cases of Eisenmenger’s 
syndrome by the presence of a large communication 
which exposes the pulmonary arterial tree to systemic 
pressure, so that vasoconstrictor tone is maintained and 
atrophy of the muscular arteries is prevented. But in 
atrial septal defect no left-to-right shunt occurs for some 
time after birth so that pulmonary vascular resistance 
usually falls to normal. Ina few cases it remains slightly 
raised and gradually increases further with the develop- 
ment of intimal fibrosis. 

Surgical cure should be attempted only when it can be 
shown that the pulmonary resistance is not grossly raised 
and that closure of the defect will result in a fall in pul- 
monary pressure. Vasodilator drugs are useless, and 
medical treatment should aim at attempting to prevent 
secondary thrombotic lesions of the pulmonary vessels 
by means of anticoagulants. 

(The essential feature of the Eisenmenger syndrome, 
the high pulmonary vascular resistance, is convincingly 
explained by the author, whose closely reasoned argument 
is supported by a wealth of well presented data. These 
lectures cannot readily be abstracted and should be read 
in full.) J. A. Cosh 


Late Results of Operations for Fallot’s Tetralogy. M. 
CAMPBELL. Brit. med. J., 2, 1175, 1958. 


In this paper, the author reports the results obtained 
with subclavian—pulmonary anastomosis, pulmonary 
valvotomy or infundibular resection or both in 241 
patients in whom Fallot’s tetralogy was diagnosed. 
‘**Good” and ‘“‘very good” results were obtained with 
anastomotic operations in 130 cases. Recent reports 
on 126 of these patients showed that 8 had died, 17 
had lost much or all of the improvement, and 101 were 
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“as good or nearly as good as they were.” Of these 
101, who were followed up for an average of 74 years 
11 were well after 10 years, 10 after 9 years, 28 after 8 
years, 36 after 7 years, and 16 after 6 years. The results 
of direct operations were good in 79 out of 111 patients, 
70 remaining well for an average period of 5 years. 
After direct operations the annual death rate and the 
proportion of patients who lost all improvement were 
only about half as high as after the corresponding anasto- 
motic operations. 

Complications, especially cerebral abscess, of the in- 
completely corrected congenital defect caused over one- 
third of the deaths in the series. A further one-third 
were caused by heart failure under the load of an in- 
creased pulmonary flow. Closure of the anastomosis 
(with disappearance of the continuous murmur) or an 
apparent increase in the severity of pulmonary stenosis 
caused deterioration in many cases. 

He emphasizes that none of these operations is curative, 
for the septal defect remains. Nevertheless, he con- 
siders that half the patients who obtain good results 
“will be reasonably well after 21 years, but the average 
age will be only about 31 years . . . Perhaps one-quarter 
will be able to carry on in this way until they are 50.” 

D. Emslie-Smith 


The Surgical Treatment of Tetralogy of Fallot. SECTION 
ON CARDIOVASCULAR SURGERY, AMERICAN COLLEGE 
OF CHEST PHYSICIANS. Dis. Chest, 34, 103, 1958. 


This valuable report analyses information, supplied 
by 39 surgeons in various parts of the world in response 
to a questionary, concerning the results of surgical treat- 
ment in 4062 cases of Fallot’s tetralogy. Unfortunately, 
inadequate data were provided in many cases, so that the 
findings in certain respects refer to only a part of the 
whole series, but the numbers available are large enough 
to give a good idea of the value of the various procedures 
undertaken. 

In most cases closed techniques were employed, the 
standard operations being subclavian-pulmonary anasto- 
mosis (Blalock), aortico-pulmonary anastomosis (Potts), 
and direct pulmonary valvotomy or infundibular resec- 
tion. In general the mortality and results of these pro- 
cedures were similar. In cases in which resection of an 
infundibular obstruction was performed by an open tech- 
nique (usually with a by-pass technique) the mortality 
was higher, but preliminary results in the survivors 
appeared to be excellent. The operative mortality (up 
to 3 months after operation) was 10-6 per cent in 515 
cases treated by Pott’s operation, 13-8 per cent in 1497 
treated by Blalock’s operation, 16-3 per cent in 238 
treated by valvotomy, and 23-8 per cent in 67 treated by 
closed infundibular resection, while the corresponding 
figure for 122 cases treated by open repair was 38-5 per 
cent. Clinical results, classified simply as “‘good”’ or 
“poor” on an over-all assessment, were reported for 
1681 survivors. The indirect anastomotic procedures 
(1409 cases) gave 85 to 87 per cent, closed pulmonary 
valvotomy or infundibulectomy (232 cases) 75 to 80 per 
cent, and open repair (40 cases) 100 per cent ‘‘good” 
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results. Among the other points mentioned in the 
report are the following: operative risk appears to be 
higher with increasing age (16 per cent mortality among 
261 patients under 14 years, 23 per cent among 60 over 14 
treated by various techniques); bacterial endocarditis or 
brain abscess occurred in 1-5 per cent of 901 survivors; the 
blood count returned to normal in only 23 per cent of 
386 cases; absence of a pulmonary artery that could be 
used in establishing an adequate shunt was reported in 
4 per cent of 1033 cases. 

From a critical review of the figures available the con- 
clusion is reached that a patient with Fallot’s tetralogy 
facing operation has a 61 per cent chance of obtaining a 
**good”’ result and a 39 per cent chance of death or a 
“*poor”’ result. T. Holmes Sellors 


A Follow-up Study of 250 Patients Subjected to Surgical 
Treatment of Patent Ductus Arteriosus. .N. HELSINGEN, 
O. Husom, and L. Erskinp. Thorax, 13, 210, 1958. 


The follow-up results in 250 patients operated on at 
Rikshospitalet, Oslo, for patent ductus arteriosus 
(P.D.A.) between 1944 and 1956 are discussed. Of these 
patients, 23 per cent of whom were male, 110 (44°%) had 
no symptoms when first seen, 58 had had one or more 
attacks of severe respiratory infection, and most of the 
adults had symptoms of cardiac embarrassment. In 
at least 21 cases there were other congenital heart lesions, 
such as atrial septal defect. The youngest patient in 
this series was aged 14 months and the oldest 40 years. 
Approach was by dorso-lateral thoracotomy, and in 
most cases simple ligation with silk was performed. 
The mortality was 1-2 per cent. 

At follow-up after periods varying from 6 months to 
13 years, all the patients being traced, many of the children 
showed an improvement, even though considered symp- 
tomless before operation. In 4 cases (2 adults) a 
murmur indicating recanalization was heard—a recur- 
rence rate of 1-6 per cent. 

The authors consider that in most cases of P.D.A. 
simple ligation is satisfactory and the risk of recurrence 
small except in those with a giant duct and in older 
patients. M. Meredith Brown 


Percutaneous Left Ventricular Puncture with Catheteri- 
zation of the Aorta. H.A. FLEMING, E. W. HANCOCK, 
B. B. MILSTEIN, and D. N. Ross. Thorax, 13, 97, 1958. 


The authors describe the method of catheterization of 
the aorta used at the Brompton and Guy’s Hospitals, 
London, in the investigation of cases of aortic valvular 
stenosis. Following percutaneous puncture of the 
left ventricle a fine plastic catheter is passed into the 
aorta through the puncture needle, which is of slightly 
larger bore than usual. In addition to allowing measure- 
ment of the systolic pressure gradient across the aortic 
valve this procedure enables the detection of subvalvular 
stenosis to be made by noting the pressure changes 
occurring during withdrawal of the catheter from the 
aorta back into the ventricle. 

The authors’ experience in the first 36 cases (out of 
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115) are described, with details of the technique. In 
28 the aorta was entered successfully and pressure 
tracings of generally good quality were obtained, 5 cases 
of subaortic stenosis being identified. Although the 
method may thus be helpful, it appears to be more dan- 
gerous than left ventricular puncture alone with a smaller 


gauge needle. There were 2 deaths in the series, both 
associated with hemopericardium and blood loss. 
Cardiac tamponade, which subsided uneventfully, was 
diagnosed in a third case, while 2 more patients developed 
sudden severe chest pain, transient collapse, and a peri- 
cardial friction rub some days after the puncture. A 
small number of patients also experienced pericardial 
pain during the procedure. Because of this relatively 
high incidence of complications it is suggested that the 
investigation be restricted to those patients in whom 
subaortic stenosis is suspected, and that ischemic heart 
disease and myocardiopathy be regarded as contra- 
indications. S. G. Owen 


Pulsus Alternans in Aortic Stenosis. Hemodynamic 
Observations in 50 Patients Studied by Left Heart 
Catheterization. T. Cooper, E. BRAUNWALD, and 
A. G. Morrow. Circulation, 18, 64, 1958. 


In 28 patients with acquired (rheumatic) aortic stenosis 
(ranging in age from 30 to 55 years) and 22 patients 
with congenital aortic stenosis (age range 6 to 36 years), 
the left ventricular pressure and arterial pressure—the 
latter either in the central aorta by means of retrograde 
arterial catheterization or in the femorale or brachial 
artery by percutaneous puncture—were recorded simul- 
taneously with the electrocardiogram. In 46 of the 
patients left heart catheterization was carried out by the 
transbronchial route and in the other 4 by percutaneous 
puncture through the anterior chest wall. 

In 15 of the 28 patients with acquired aortic stenosis 
persistent pulsus alternans was present in the left ven- 
tricular pressure tracing, the average difference in pres- 
sure between the large and small pulses being 15 (range 
2 to 43) mm. Hg. Patients with persistent pulsus alter- 
nans had a significantly higher left ventricular systolic 
pressure and a higher aortic valve gradient than those 
without, but the hemodynamic parameter affording 
the best separation between these two groups was the 
product of left ventricular systolic pressure multiplied 
by heart rate, which is a measure of the relative oxygen 
reqirements. From this the inference is drawn that a 
disporportion between the oxygen requirement of the 
heart and the supply of oxygen available to the heart can 
so alter cardiac contractility that alternation results. 
However, none of the 22 patients with congenital aortic 
stenosis showed persistent pulsus alternans and in conse- 
quence it is concluded that some other factor may play 
a part in the genesis of pulsus alternans. Among the 
15 patients with the acquired lesion who were operated 
on, only 6 of the 11 with persistent pulsus alternans 
survived, whereas of the 4 without pulsus alternans, 3 
survived. In contrast the 12 patients with congenital 


aortic stenosis subjected to operation all survived. 
A. Schott 
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Mitral Stenosis with Jet Regurgitation. 
Scot. med. J., 3, 422, 1958. 


In this paper, the author defines and describes the 
clinical, radiographic, phonocardiographic, and hemo- 
dynamic characteristics whereby cases of jet regurgitation 
through a stenosed mitral valve may be differentiated 
from cases of free mitral regurgitation with little or 
no stenosis. Although in most cases of the former type the 
physical signs are predominantly those of mitral stenosis 
and the condition is recognized only at operation, some 
of them present with signs of mitral regurgitation pre- 
dominating and, unless differentiated from cases of free 
regurgitation, will be rejected for operation. Since free 
valvotomy sometimes leads to dramatic improvement 
in these cases, their clinical recognition is important, 
Seven such cases are described by the author in detail 
and the findings analysed in a series of tables. He also 
describes the operation findings and results in 5 of these 
cases and 11 others in which the clinical signs were pre- 
dominantly those of mitral stenosis. 
A. I. Suchett-Kaye 


A. A. F. Peet. 


Bronchial Constriction in Mitral Stenosis Studied by 
Pulmonary Function Tests (In English). K. BiiLow. 
Cardiologia, 33, 211, 1958. 


The author reports that pulmonary function studies 
undertaken at the University of Lund, Sweden, on 30 
patients with mitral stenosis and 23 controls have con- 
firmed the presence of bronchial constriction as a factor 
aggravating respiiatory incapacity in patients with mitral 
stenosis. Determination of the maximum expiratory flow 
rate and the one-second vital capacity were the most useful 
tests in demonstrating improvement of function after 
the subcutaneous injection of adrenaline, but the simple 
measurement of vital capacity also showed a significant 
increase in this parameter. No improvement after 
administration of adrenaline was observed in patients 
with Grade-IV mitral valvular disease. 
T. Semple 


The Surgical Treatment of Mitral Insufficiency by Mitral 
Annuloplasty. L. D. Guipry, J. A. CALLAHAN, 
H. W. MARSHALL, and F. H. ELuis. Proc. Mayo Clin., 
33, 523, 1958. 


During 1958 at the Mayo Clinic 6 patients aged 23 to 
49 years suffering from pure mitral regurgitation were 
successfully treated by narrowing of the mitral annulus. 
The operation was performed with the help of extra- 
corporeal circulation without cardiac arrest. 

Clinical details and the results of catheter studies for 
each of the patients are reported and tabulated. A com- 
petent valve with no significant stenosis was achieved in 
each case by this procedure. Transient neurological 
disturbance seen in 2 patients was believed to be due to 
air embolism and was the only operative complication 
encountered. Follow-up catheter studies suggested the 
recurrence of slight incompetence in one patient, but there 
was remarkable symptomatic improvement in all 6 
patients and the authors consider that the operation of 
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mitral annuloplasty ‘‘offers considerable promise for 
the correction of pure mitral insufficiency.” 
C. A. Jackson 


Anastomosis in the Coronary Circulation. W. LAURIE and 
J.D. Woops. Lancet, 2, 812, 1958. 


In an attempt to determine whether or not there are 
functional anastomoses between the coronary arteries 
and whether, as has been suggested, these increase with 
age, the authors, at the Edendale Hospital, Natal, exam- 
ined normal and diseased hearts from Bantu patients. 
In all 200 hearts were examined, 150 of which proved 
suitable for study. The procedure consisted in the 
injection of one coronary artery with a gelatin suspension 
containing lead phosphate. This radio-opaque mass 
was about seven times more viscid than heparinized 
blood, and the particle size of the lead phosphate 
was not less than 35 p», so that none of the material 
should have passed the capillaries. With the heart 
immersed in saline at 45° C. one coronary artery was 
injected at a pressure of 150 mm. Hg for 20 minutes. 
The heart was then cooled until the injection mass 
hardened. The heart was ‘‘unrolled” by Schlesinger’s 
technique and radiographs obtained of the coronary 
circulation. No difference in the anastomoses was 
observed whether the right or left coronary artery was 
injected. Some degree of filling of the uninjected artery 
was seen in 48 out of 87 normal hearts, and in 12 of these 
filling was complete. Some degree of anastomosis was 
found in 13 out of 46 healthy subjects under the age of 
4 years and in 35 out of 41 over that age. However, of 63 
diseased hearts, 40 showed no demonstrable anastomoses. 

It is suggested that the majority of healthy people 
‘*have a functionally important inherited coronary 
anastomotic blood-supply (and this) probably protects 
some against ischemic heart-disease and may modify 
ischemic heart-disease in others.” C. Bruce Perry 


Iproniazid (Marsilid) in Angina Pectoris. A.M. MaAsTERS, 

Amer. Heart J., 56, 570, 1958. 

The value of iproniazid in the relief of angina was studied 
in 74 patients. Each received 50 mg. of iproniazid 3 times 
a day with 25 mg. of pyridoxine with each dose of iproni- 
azid to minimize side-effects, the duration of treatment 
being one week to five months. 

There was complete relief of angina in 13 patients, 
considerable improvement in 28 patients, ‘‘doubtful” 
change in 4, and no change in 29. The improvement 
began within 3 to 10 days and lasted up to 2 weeks after 
the drug was discontinued. Improvement was mainly 
subjective only, since in a number of patients obtaining 
relief from angina there was no change in the abnormal 
electrocardiogram or in the response to exercise tolerance 
tests. Side-effects included gastro-intestinal disturbances 
(mainly constipation and dry mouth), disturbances of 
micturition and impotence, and dizziness. In 57 of the 
patients iproniazid had to be discontinued because of the 
severity of these side-effects. 

The author concludes that iproniazid is a most effective 
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drug for the relief of angina, the effects being due, in 
part at least, to cerebral stimulation, but that the side- 
effects limit its therapeutic use. Gerald Sandler 


Use of Iproniazid in Ischemic Angina Pectoris. M. K. 
Towers and P. Woon. Brit. med. J., 2, 1067, 1958. 


Iproniazid was found by Cesarman to relieve anginal 
pain in a patient to whom it was given for its euphoriant 
action. A trial of this drug in 40 patients with severe 
disabling angina is reported from the Institute of Cardio- 
logy, London. 

It is concluded that iponiazid is very effective in angina, 
and that pain may be relieved in spite of a deterioration 
in the ECG. The drug blocks pain, but does not 
influence the natural course of coronary arterial disease. 
Theoretically, it may increase the risk of infarction by 
allowing the patient to be more active and therefore 
anticoagulants should be given in addition, but because 
of this risk and the side-effects it should be given only to 
patients with severe disabling angina. David Phear 


The Influence of Anticoagulant Therapy on the Occurrence 
of Cardiac Rupture and Hemopericardium following 
Heart Infarction. I. A Study of 98 Cases of Hemo- 
pericardium (81 of Them Cardiac Ruptures). S. 
AARSETH and H. F. LANGE. Amer. Heart J., 56, 
250, 1958. 


Il. A Controlled Study of a Selected Treated Group 
Based on 1044 Autopsies. H. F. LANGE and S. 
AARSETH. Amer. Heart J., 56, 257, 1958. 


This series of 89 cases of hemopericardium found at 
necropsy on 1229 patients, representing 94 per cent of the 
total of 1303 dying of myocadial infarction at Ulleval 
Hospital, Oslo, during the period 1945-56, is thought 
by the authors to be the largest series of such cases pub- 
lished up to the present. The incidence of hemo- 
pericardium (7-3°%) among these deaths from myocardial 
infarction (in 81 of which (6-6°% of the total) it was 
accompanied by cardiac rupture) is in accord with previous 
findings. In all cases the rupture occurred in the left 
ventricle. The age distribution of the patients with 
hemopericardium corresponded with that for all cases 
of infarction, the majority being between 60 and 80 years. 

In the second paper the results in 69 cases of myo- 
cardial infarction considered to have had adequate 
anticoagulant treatment during life were compared with 
those in 72 control cases, comparable as to age and sex, 
which had received no anticoagulants. Intracardiac 
mural thrombi were found less frequently (4 cases, or 6°%) 
in the treated group than in the untreated group (8 cases, 
or 11%), but in the treated group hemopericardium (1 
case) and myocardial rupture (14 cases) was nearly twice 
as frequent as in the control group (8 cases out of 72, of 
which 7 were in women). It is suggested that anti- 
coagulant therapy in cases of myocardial infarction 
‘**may contribute to a weakening of the affected area of the 
myocardium, with consequent rupture.” 

P. Hugh-Jones 
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Relation of Hemorrhage and Thrombosis to Prothrombin 
during Treatment with Coumarin-type Anticoagulants. 
H. S. Stse, S. M. LAVELLE, D. ADaAmis, and R. BECKER. 
New Engl. J. Med., 259, 266, 1958. 


With long-term anticoagulant treatment it is not un- 
usual for hemorrhage to occur in one patient and 
thrombosis in another, although the ‘‘Quick time” 
(defined as the clotting time of the plasma to which tissue 
thromboplastin and calcium have been added) is the same 
in both patients. The factors affected by the coumarin- 
type of anticoagulant are known to be prothrombin, 
proconvertin, Stuart factor, and plasma thromboplastin 
component. Decreases in the first three factors lead to 
a prolongation of the Quick time, but a decrease in the 
plasma thromboplastin component does not. The 
authors suggest that the prothrombin time gives a more 
accurate distinction between the hemorrhagic and throm- 
botic states and is a more reliable indicator of over- or 
undertreatment with anticoagulants than the Quick time. 

It was found that the degree of depression of pro- 
thrombin concentration and of the Quick time differed 
sufficiently in half the cases to indicate that the latter 
could not be relied upon to estimate prothrombin. 
Correlation of the occurrence of hemorrhage and throm- 
bosis with the prothrombin concentration was good, but 
that with the Quick time was poor. The authors recom- 
mend that both the Quick time and the prothrombin 
level should be determined in patients under treatment 
for along time. The therapeutic range is indicated by a 
prothrombin concentration of 12 to 25 per cent when the 
Quick time is under 40 seconds. 

D. Preiskel 


Thrombolysis with Fibrinolysin (Plasmin)—New Thera- 
peutic Approach to Thromboembolism. K.M. Moser. 
J. Amer. med. Ass., 167, 1695, 1958. 


Writing from Georgetown University Medical Center, 
Washington, D. C., the author describes the results of a 
pilot study of the effects of intravenous infusions of puri- 
fied lyophilized fibrinolysin prepared from human 
plasma (“‘actase”’) given over 2 to 4 hours to 52 patients 
suffering from various thrombo-embolic states, the amount 
of the infusion being between 30,000 and 60,000 fibrino- 
lytic units. 

In 15 patients with deep venous thrombophlebitis, 13 
of whom also received anticoagulant therapy, in 4 
out of 8 patients with pulmonary embolism from an 
unknown source, the treatment led to rapid resolution of 
electrocardiographic anomalies, and relief of symptoms. 
Of 14 patients suffering from cerebral thrombosis (only 
4 of whom received the infusion given within 24 hours of 
onset), 7 showed some degree of objective improvement 
within 24 hours after infusion. Lastly, of 7 patients 
with superficial thrombophlebitis, no benefit was apparent 
in 3 who had had symptoms for more than 7 days, but 
in the other 4 direct evidence of thrombolysis by the 
treatment was observed. Owing to the danger of 
further thromboses the author suggests that anticoagulant 
drugs should be given concurrently with actase. 

R. Wyburn Mason 


The Changes in Concentration of Cholesterol in the Serum 
of Hypertensive Patients during Antihypertensive 
Therapy. Q. B. DeminG, M. E. Hopes, A. BALTAzaR, 
J. G. Epretra, and S. TorospaG. Amer. J. Med., 24, 
882, 1958. 


The serum cholesterol level in 21 patients with advanced 
hypertension was determined at different times before 
and during treatment with reserpine, hydrallazine, and 
the ganglion-blocking drugs chlorisondamine and 
mecamylamine. Therapy was given for at least 4 weeks, 
multiple cholesterol determinations being carried out 
during that time. Since wide variations in the serum 
cholesterol level were found during periods when medica- 
tion, diet, and activity remained constant, the authors do 
not accept a change of less than 10 per cent in the results 
after statistical analysis as significant. 

The results are derived from observations on 12 
patients treated with oral reserpine alone, 7 with oral 
hydrallazine alone, 7 with hydrallazine plus reserpine, 
5 with chlorisondamine (3 of the patients being given it 
both orally and parenterally in separate courses), and 
4 with mecamylamine. In those given reserpine, al- 
though the serum cholesterol level tended to fall, oniv 4 
patients showed a change of more than 10 per cent witha 
mean blood pressure fall of 14 mm. Hg; however, in those 
treated with hydrallazine the cholesterol level fell by over 
10 per cent in 5 of the 7 patients (mean fall 28 mg. per 100 
ml. for an average fall in blood pressure of 24 mm. Hg). 
Treatment with chlorisondamine was regularly accom- 
panied by a significant and sustained fall in the serum 
cholesterol level (average decrease 55 mg. per 100 ml. 
with an average fall in blood pressure of 23 mm. Hg). 
All of the 4 patients given mecamylamine showed a 
significant fall in serum cholesterol level (average 81 mg. 
per 100 ml. for an average fall in blood pressure of 24 
mm. Hg). The combined data from all treatment 
groups, representing 38 courses of treatment, showed 
a positive correlation coefficient of 0-51 (P=0-01) 
between the change in serum cholesterol level and the 
change in blood pressure. The authors discuss the 
possible meaning of this relationship and conclude that 
their findings confirm other reports that serum cholesterol 
concentration decreases during therapy with hydrallazine 
or ganglion-blocking drugs, but not with reserpine. 

P. Hugh-Jones 


The Pathogenesis and Treatment of Hyponatremia in 
Congestive Heart Failure. R. E. WesTON, J. Gross- 
MAN, E. R. Borun, and I. B. HANENSON. Amer. J. 
Med., 25, 558, 1958. 


Although there are probably numerous factors con- 
cerned in the development of cedema in congestive heart 
failure, sodium retention is now accepted as the primary 
cause of the oedema. However, in some cases of con- 
gestive failure water may be retained in excess of sodium 
and the urine has been reported to contain an increased 
amount of antidiuretic material. 

Further detailed metabolic studies of water retention 
in congestive failure were therefore undertaken on 3 
patients suffering from chronic cardiac failure due to 
rheumatic heart disease. These patients, who were 
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maintained on a low-sodium diet (12 to 15 mEq. daily) 
together with digitalis and bed rest, were studied during 
a period of increased cardiac failure and increased 
cedema; the cardiac deterioration was due to “escape 
from digitalization,” a severe respiratory infection, and 
potassium depletion with resulting digitalis intoxication 
respectively. In all 3 cases the phase of cardiac deteriora- 
tion was found to invoke an antidiuretic mechanism, 
resulting in retention of water in excess of sodium, 
an increase in the oedema, and a fall in the serum sodium 
level, though without external sodium loss. Infusion of 
aconcentrated salt solution did not produce improvement, 
but with improving cardiac function a water diuresis 
with decrease in the cedema occurred. In one patient 
the water retention was reproduced by administration of 
vasopressin. 

The successful treatment of water retention depends on 
the improvement of cardiac function. This may be 
possible by increasing the dose of digitalis or correcting 
potassium depletion. Concomitant pulmonary infarc- 
tion, infection, or a recurrence of rheumatic fever are 
other possible treatable factors. Progressive terminal 
myocardial deterioration is the commonest (and irre- 
versible) cause of the cedema, though something may be 
achieved here by careful restriction of water intake. 

David Phear 


Electrocardiogram in Chronic Severe Anemia. L. M. 
SANGHVI, S. N. Misra, K. BANNERJI, and K. D. 
Gupta. Amer. Heart J., 56, 79, 1958. 


Electrocardiographic abnormalities were found in 85 
out of a series of 100 patients with anemia of at least 
3 months’ duration, but without any other evidence 
of cardiovascular disease, who were examined at Sawai 
Mau Singh Hospital, Jaipur, India. The ages of the 
patients ranged from 8 to 50 years, and their hemoglobin 
level ranged from 2 to 8 g. per 100 ml., with an average 
of 2-6 g. per 100 ml. Heart failure was present in 30 
cases. Most of the abnormalities found have been 
reported by other workers. 

There was a fairly close, though by no means constant, 
relationship between the incidence of the abnormalities, 
the severity of the anemia, and the size of the heart. 
In 36 cases the abnormalities persisted after cure of the 
anemia. This did not appear to be related to age, 26 
of the patients being under 30, but it was associated with 
persistent cardiac enlargement in most cases. 

William A. R. Thomson 


Radiological Observations on 33 Cases of Primary 
Interstitial Myocarditis during an Outbreak in the Haifa 
Area. J. MuNKandK.T.Leperer. J. Fac. Radio.,9, 
195, 1958. 


In 1956-57, 61 cases of primary interstitial myocarditis 
in children aged 6 months to 34 years of age were seen 
in the Rambam Government and Rothschild Hospitals, 
Haifa, Israel. X-ray examination was carried out in 


33 cases only, the remaining patients being in extremis or 
dead on admission. 
performed on 21. 


Of these 33, 22 died, necropsy being 


The predominant radiobiological abnormality was 
generalized cardiac enlargment with passive pulmonary 
congestion, including, in some cases, lymphatic engorge- 
ment. There was a trace of pleural fluid in all except 
5 cases, and cardiac pulsations were diminished on 
fluoroscopy in 16. Marked emphysema, which was 
probably due to concomitant diffuse interstitial pneu- 
monia, a fairly common condition in Israel, was present 
in some cases. Discussing the differential diagnosis from 
interstitial pneumonia, the authors stress the importance 
of cardiac enlargement and Kerley’s B lines in the diag- 
nosis of myocarditis, and of emphysema of the periphery 
of the lungs in pneumonia. D. E. Fletcher 


A Study of Heart Disease in 108 Patients Dying with 
Portal Cirrhosis. J. H. LUNsETH, E. G. OLMSTEAD, 
and F. Asspoup. A.M.A. Arch. intern Med., 102, 
405, 1958. 


Details are given of the condition of the cardiovascular 
system as seen at necropsy on 108 patients who died of 
portal cirrhosis. The ages of the patients, 26 women and 
82 men, ranged from 26 to 83 years, with a mean of 
57 years. In 99 cases determination of the heart weight 
showed that this was greater than in a comparable 
series without cirrhosis. In 52 there was associated 
heart disease of the following types: arteriosclerotic in 
26, hypertensive in 9, and valvular in 5; in the remaining 
12 the cardiac hypertrophy could not be attributed to 
any of the usual causes and these are considered in 
considerable detail. 

All 12 patients were alcoholic and presented a clinical 
picture of both heart and liver disease. Clinically, there 
were congestive cardiac failure, unexplained cardio 
megaly, apical systolic murmurs, and tachycardia accom- 
panied by premature auricular and ventricular beats or 
intraventricular conduction defects. Pathological studies 
indicated that cardiac hypertrophy was significantly more 
frequent in early and moderately advanced cirrhosis than 
in far-advanced disease. The authors suggest that a heart 
that may have been hypertrophic in the early stages of 
cirrhosis may revert to a normal weight in the advanced 
stages. It is concluded that patients with portal cirrhosis 
are prone to develop an idiopathic type of heart disease 
associated with the cirrhosis, in addition to the common 
types of heart disease. J. Warwick Buckler 


Valvular Pulmonary Stenosis with Intact Ventricular Sep- 
tum. Clinical and Physiologic Response to Open Val- 
vuloplasty. S.G.BLOUNT, J. VAN ELK, O. J. BALCHUM 
and H. Swan. Circulation, 15, 814-826, 1957. 


The authors consider that for the correction of valvular 
pulmonary stenosis with intact ventricular septum open 
valvuloplasty performed by the transarterial approach 
under hypothermia with circulatory occlusion gives good 
results. Ina series of 38 patients so treated (and reported 
from the University of Colorado School of Medicine, 
Denver), of whom 10 were cyanosed, there were 2 deaths, 
both in cyanosed patients. The results of pulmonary 
arterial and right ventricular pressure measurements and 
oxygen saturation levels are given in detail for the first 
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25 patients, and only these patients are included in the 
analysis. 

Of the 10 who had a defect of the atrial septum, 
8 were cyanosed and had limited exercise tolerance; the 
latter was relieved in all, and in 4 cases the cyanosis was 
improved by the operation. Of the 15 patients with an 
intact atrial septum, 7 had no symptoms; in the other 8, 
fatigue and exercise tolerance were improved after 
operation. 

In the younger patients the valve was usually a sym- 
metrical elongated cone, but in the 3 adults in the series 
an asymmetrical fusion of thickened cusps was more 
common. A _ preoperative systolic pressure gradient 
ranging from 38 to 175 mm. Hg was reduced to less than 
20 mm. Hg in the first 3 patients, in whom the valve was 
partially excised, and in 14 of the others. A murmur 
of pulmonary regurgitation was heard in these first 3 
patients and in 8 others, but was not of hemodynamic 
significance. Among the possible causes of a residual 
pressure gradient is hypertrophy of the crista supra- 
ventricularis of the right ventricular outflow tract; re- 
moval of a distal obstruction unmasks a proximal one. 
In 6 patients moderate pulmonary hypertension devel- 
oped following operation, but the cause of this could not 
be ascertained. The authors consider that this trans- 
arterial operation carries a lower mortality than that by 
the transventricular approach. Where there is an intact 
atrial septum the approach should be through the pul- 
monary artery. In the presence of a septal defect and 
right-to-left shunt the valve should be treated first, but 
if a left-to-right shunt is present the defect should be 
closed first and the valvuloplasty then performed at the 
same time if the patient’s condition permits. 

M. Meredith Brown 


Atrial Septal Defect and its Surgical Treatment. D. E. 
BEDFORD, T. HoLMEsS SELLORS, W. SOMERVILLE, J. R. 
BELCHER, and E. M. M. BESTERMAN. Lancet, 1, 
1255-1261, 1957. 


The authors review their experience of 100 cases of atrial 
septal defect seen at the Middlesex Hospital, London, 
since surgical treatment of this abnormality has been 
undertaken there. It is important to exclude an ostium 
primum defect in patients submitted for surgery, 13 of 
this type being found in the series under review. This 
diagnosis is suggested by early cardiac enlargement, 
physical underdevelopment, and pulmonary hypertension 
with evidence of left ventricular hypertrophy. 

Atrial septal defect causes serious cardiovascular 
change after the age of 20, and over 40 there is gross 
cardiac enlargement in half the cases. The authors are 
of the opinion that an uncomplicated fossa-ovalis defect 
with a shunt of 2:1 or more should be closed as soon 
as the diagnosis is established, and preferably before the 
age of 20 even in the absence of cardiac symptoms. 
Contraindications to surgery are ostium-primum defect, 
a reversed shunt, obstructive pulmonary hypertension 
with high vascular resistance, systemic hypertension, and 
advanced age and poor general condition. 

During the past year 40 patients between the ages of 
6 and 55 years have been operated upon. All these had 
fossa-ovalis defects separated from the tricuspid valve, 
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though some of the defects were very large, extending 
to the inferior caval orifice in 9 cases and to the superior 
caval orifice in 2. The defect was closed under direct 
vision with the patient anesthetized by a modification 
of Swan’s surface-cooling technique. Rewarming was 
started immediately on removal from the cold bath, an 
cesophageal temperature of 30° C. at the time of circu- 
latory arrest being regarded as the ideal. Neostigmine 
injected into the coronary circulation is regarded as an 
important protection against ventricular fibrillation. In 
this way at least 7 and probably 10 minutes of circulatory 
arrest can be permitted. The anatomy of the defect is 
assessed and the mitral, tricuspid, and pulmonary valves 
are explored digitally through the right atrium. After 
establishing circulatory arrest the atrium is opened and 
the defect is closed with a continuous suture reinforced 
with one or two interrupted stitches. An important 
difficulty occurs in the case of low defects astride the 
vena caval orifice. 

In the 40 cases operated upon there was only one death. 
This occurred during a second operation to correct 
central cyanosis due to inclusion of the inferior vena 
caval orifice in the left atrium. One patient is waiting 
for correction of this anomaly, and one, as already 
described, had the anomaly corrected immediately after 
its creation. The other cases are satisfactory and 12 of 
them have been recatheterized. In 7 of these the findings 
are completely normal; in 3 there is probably an insigni- 
ficant shunt, and in 2 the shunts are appreciable. 

The authors conclude that uncomplicated fossa-ovalis 
defects can be closed under hypothermia with little 
operative risk, particularly if the operation is performed 
before the age of 20. 

[This is an important paper to which full justice can- 
not be done in an abstract. The original should there- 
fore be consulted by those interested in the subject.] 

A. M. Macarthur 


Treatment of Heart Disease. A Clinical Physiologic 
Approach. By Harry Gross, M.D., F.A.C.P., and 
ABRAHAM JEZER, M.D. Pp. 549 and x. 91s. Phila- 
delphia and London: W. B. Saunders Co. 


Although, as the authors state in the preface, this book 
is a “presentation of therapy in heart disease based upon 
sound physiological principles’’, it includes many sec- 
tions on the pathogenesis and clinical features of the 
various types of heart disease. The book has been 
clearly devised to provide practical help for the physician 
and after a full discussion of the various methods of 
treatment that are available, the authors present, often 
in summary form, their own views on management. 
Although the book is very up-to-date, the authors are 
conservative in their selection of methods of treatment, 
sometimes unexpectedly so as for example in the section 
on anticoagulants in myocardial infarction when they 
state that only a small group of patients benefit from the 
use of these drugs and “for the present, routine anti- 
coagulant treatment should be limited to exceptional 
situations”. There is a useful appendix of diets, menus, 
and recipes particularly for low salt and reducing diets. 
This book can be thoroughly recommended. 

Graham Hayward 





Abi 
An 
Are 


Bar 


Ber 
Bos 
Bra 


Brc 
Bu 
Bu 


ory 


ter 


lis 
tle 
ed 


in- 
re- 


Bic 
nd 
la- 


ire 


ey 
he 
ti- 


us, 
ts. 











INDEX OF AUTHORS 


A 


Abdin, Z. H. (and J. F. Goodwin): Cardiogram of congenital and acquired right oe hypertrophy. 523. 
Anderson, D. E. (and P. J. D. Snow): Iproniazid in the treatment of angina of effort. 
Arends, A. (F. S. P. Van Buchem, and E. A. Schroder): Endocardial fibro-elastosis in an and adults. 229. 


Barlow, J. (and P. Kincaid-Smith): Atrial sound and the atrial component of the first heart sound. 470. 

—— (and P. Kincaid-Smith): Atrial sound in hypertension and ischemic heart disease. 479. 

Benchimol, Aaron Burlamaqui (and Raymundo Dias Carneiro, and Paul Schlesinger): Post-partum heart disease. 89. 

Boake, W. C. (and R. Daley, and I. K. R. McMillan): Observations on oy pulmonary hypertension. 31. 

Bradley, H. W. (and Arthur Selzer, H. N. Hultgren, C. L. Ebnother, and A. O. Stone): Effect of digoxin on the 
circulation in man. 335. 

Browne, M. K. (and J. T. Fitzsimons): Electrocardiographic changes during positive acceleration. 23. 

Bucky, N. L. (and Paget Davies): Tomography of calcified aortic and mitral valve. 

Burchell, H. B.: Studies in pulmonary hypertension in congenital heart disease. 255. 


€ 


Cameron, A. J. V. (and T. D. V. Lawrie and J. H. Wright): A twin oscilloscopic vectorcardiograph. 505. 

Campbell, Maurice: Genetics of congenital heart disease and situs inversus in sibs. 

——: Valvotomy as a curative operation for simple pulmonary stenosis. 415. 

Campbell, R. S. F. (and T. D. V. Lawrie, J. C. MacLaurin, and R. Pirrie): Effect of doisynolic acid on experimental 
atheroma in the cockerel. 275. 

Carlgren, Lars-Erik: Incidence of congenital heart disease in children born in Gothenburg 1941-1950. 40. 

Carneiro, Raymondo Dias (and Aaron B., and Paul Schlesinger): Post-partum heart disease. 89. 

Cole, D. (and J. B. Lowe, J. C. P. Williams, and D. Cole): Congenital diverticulum of the left ventricle. 101. 

Coleman, P. N. (and Edmund, A. W. B., and J. Tregillus): Primary pulmonary hypertension in three sibs. 81. 

— (and G. D. Owen): Dissecting aneurysm of aorta associated with Goldblatt kidney. 570. 

Cosh, J. (and J. E. Gates and D. W. Pugh): Carcinoid heart disease. 369. 

Cowan, Nairn R.: Heart lung coefficient in older people. 238. 


D 


Daley, R. (and W. C. Boake, and I. K. R. McMillan): Observations on hypoxic pulmonary hypertension. 31. 
Dauncey, T. M. (and Byron Evans): Dissecting aneurysm of the aorta associated with congenital pulmonary valvular 
stenosis. 139. 

Davies, Paget (and N. L. Bucky): Tomography of calcified aortic and mitral valve. 17. 

Dewar, H. A. (and A. R. Horler, and D. V. Newell): A clinical trial of penta-erythritol tetranitrate, a khellin derivative 
(Recordil) and iproniazid in angina of effort. 315. 

Dissanayake, R. V. P. (and N. Nagaratnam): Endomyocardial fibrosis in the Ceylonese. 167. 

Donald, D. E. (and D. Heath, and J. E. Edwards): Pulmonary vascular changes in a dog after aorto-pulmonary 
anastomosis for four years. 187. 

Douglas, D. M. (and K. G. Lowe, and R. G. Mitchell): Hypertension and unilateral renal disease treated by neph- 
rectomy. 361. 

Douor, G. E. (and J. A. Osborne and A. D. Moore): Measurement of the error in Wilson’s central terminal. 352. 


E 


Ebnother, C. L. (and Arthur Selzer, H. N. Hultgren, H. W. Bradley, and A. O. Stone): Effect of digoxin on the 
circulation in man. 335. 

Edmunds, A. W. B. (and P. N. Coleman, and J. Tregillus): Primary pulmonary hypertension in three sibs. 81. 

Edwards, J. E. (and D. E. Donald, and D. Heath): Pulmonary vascular changes in a dog after aorto-pulmonary 
anastomosis for four years. 187 

Emanuel, R. (and L. McDonald, and M. Towers): Aspects of pulmonary blood flow in atrial septal defect. 279. 

Emslie- Smith, D. (and G. A. Sladden, and G. R. Stirling): The significance of changes in the electrocardiogram in 

7 hypothermia. 343. 

Evans, Byron (and T. M. Dauncey): Dissecting aneurysm of the aorta associated with congenital pulmonary valvular 
stenosis. 139. 

Evans, William: Polythelia in cardio-arterial disease. 130. 

——: Less common forms of pulmonary hypertension. 197. 

——-: Electrocardiogram of alcoholic cardiomyopathy. 445. 


593 











594 INDEX OF AUTHORS 


F 


Fitzsimmons, J. T. (and M. K. Browne): Electrocardiographic changes during positive acceleration. 23. 
Fleming, H. A. (and Paul Wood): The myocardial factor in mitral valve disease. 117. 

Forshaw, J. W. B.: Cardiac involvement in erythema nodosum with pulmonary tuberculosis. 142. 
Foxon, G. E. H.: Some possible causes of congenital heart malformation. 51. 


G 


Gates, J. E. (and J. Cosh, and D. W. Pugh): Carcinoid heart disease. 369. 

Geage, E. P. (and W. A. Seldon, and J. B. Hickie): The measurement of cardiac output using a radioisotope and a 
scintillation counter. 401. 

Gimlette, T. M. D.: Constrictive pericarditis. 9. 

Goodwin, J. F. (and Z. H. Abdin): Cardiogram of congenital and acquired right ventricular hypertrophy. 523. 

Grainger, R. R. (and J. N. Pattinson): Congenital kinking of the aortic arch. 555. 

Gresham, G. A. (and H. R. M. Johnson): Rupture of aortic aneurysms into the gut. 518. 


H 


Hancock, E. W.: Assessment of mitral valve disease by left heart catheterization. 389. 

Heath, D. (and D. E. Donald, and J. E. Edwards): Pulmonary vascular changes in a dog after aorto-pulmonary 
anastomosis for four years. 187. 

Hickie, J. B. (and W. A. Seldon, and E. P. Geage): The measurement of cardiac output using a radioisotope and a 
scintillation counter. 401. 

Horler, A. R. (and H. A. Dewar, and D. V. Newell): A clinical trial of penta-erythritol tetranitrate, a khellin derivative 
(Recordil) and iproniazid in angina of effort. 315. 

Hultgren, H. N. (and Arthur Selzer, C. L. Ebnother, H. W. Bradley, and A. O. Stone): Effect of digoxin on the 
circulation in man. 335. 


J 


Johnson, A. M.: Hypertrophic infundibular stenosis complicating simple pulmonary valve stenosis. 429. 
Johnson, H. R. M. (and G. A. Gresham): Rupture of aortic aneurysm into the gut. 518. 


K 


Keith, J. D.: Anomalous origin of the left coronary artery from the pulmonary artery. 149. 

Kellett, C. E.: Raymond de Vieussens on mitral stenosis. 440. 

Kincaid-Smith, Priscilla (and J. Barlow): Atrial sound and the atrial component of the first heart sound. 470. 
——.: Atrial sound in hypertension and ischemic heart disease. 479. 


L 


Lawrie, T. D. V. (and R. S. F. Campbell, J. C. MacLaurin, and R. Pirrie): Effect of doisynolic acid on experimental 
atheroma in the cockerel. 275. 

—— (and A. J. V. Cameron, and J. H. Wright): A twin oscilloscopic vectorcardiograph. 505. 

Leak, David: Effort syncope in aortic stenosis. 289. 

Leonard, J. C. (and W. G. Smith): Radiological features of syphilitic aortic incompetence. 162. 

Lowe, J. B. (and J. C. P. Williams, D. Robb, and D. Cole): Congenital diverticulum of the left ventricle. 101. 

Lowe, K. G. (and D. M. Douglas, and R. G. Mitchell): Hypertension and unilateral renal disease treated by nephrec- 
tomy. 361. 


M 


MacGregor, C. A.: Spontaneous capillary pulsation in complete heart block. 225. 

Mackinnon, J. (and R. V. R. Vickers, and E. G. Wade, and C. F. H. Vickers): Persistence of right ventricular hyper- 
trophy following mitral valvotomy. 381. 

MacLaurin, J. C. (and R. S. F. Campbell, T. D. Lawrie, and R. Pirrie): Effect of doisynolic acid on the experimental 
atheroma in the cockerel. 275. 

Marshall, J. R. (and G. C. Patterson): Mitral restenosis. 174. 

McDonald, Lawson (and Richard Emanuel, and Malcolm Towers): Aspects of pulmonary blood flow in atrial 
septal defect. 279. 

Mcllroy, Malcolm: Clinical uses of oximetry. 293. 

McMillan, I. K. R. (and W. C. Boake, and R. Daley): Observations on hypoxic pulmonary hypertension. 31. 

Mickerson, J. N.: Heart failure in patients with high blood pressure. 8. 

Mitchell, R. G. (D. M. Douglas, and K. G. Lowe): Hypertension and unilateral disease treated by nephrectomy. 361. 

Moore, A. D. (and G. E. Douor, and J. A. Osborne): Measurement of the error in Wilson’s central terminal. 352. 








Mou 


Mul 


Nag 
New 


Nor 
Nort 


Osb« 
Owe 


Patt 
Patt 
Pirri 


Plat 
Pow 
Pug! 


Rot 
Roe 
Ros 


San 
Sch 
Sch 
Sch 
Sch 


Selc 
Selz 
Shi 
Sla 


Snc 
Soc 
Ste 
Stir 
Sto 


Sw 





da 


tal 


er- 


‘ial 


51. 
52. 














INDEX OF AUTHORS 


Mounsey, Patrick: Tricuspid incompetence following successful mitral valvotomy. 123. 
——: Annular constrictive pericarditis. 325. 

__—: Precordial pulsations in relation to cardiac movement and sounds. 457. 
Mulcahy, R. (and R. P. Towers): Endocardial fibro-elastosis in a young adult. 567. 


N 
Nagaratnam, N. (and R. V. P. Dissanayake): Endomyocardial fibrosis in the Ceylonese. 167. 
Newell, D. V. (and H. A. Dewar, and A. R. Horler): A clinical trial of penta-erythritol tetranitrate, a khellin derivative 
(Recordil) and iproniazid in angina of effort. 315. 
Nordenfelt, Olaf (and Ake Thorson): Development of valvular lesions in metastatic carcinoid disease. 243. 
Norman, John: A stable cuvette of high sensitivity for indicator dilutor curves. 


O 


Osborne, J. A. (and G. E. Douor, and A. D. Moore): Measurement of the error in Wilson’s central terminal. 352. 
Owen, G. D. (and P. N. Coleman): Dissecting aneurysm of aorta associated with Goldblatt kidney. 570. 


P 


Patterson, G. C. (and J. R. Marshall): Mitral restenosis. 174. 

Pattinson, J. N. (and R. G. Grainger): Congenital kinking of the aortic arch. 555. 

Pirrie, R. (and R. S. F. Campbell, T. D.V. Lawrie, and J. C. MacLaurin): Effect of doisynolic acid on the experimental 
atheroma in the cockerel. 275. 

Platts, Margaret M.: Amisometradine (Rolicton) in the treatment of congestive heart failure. 249. 

Powell, S. J.: Unexplained electrocardiograms in the African. 263. 

Pugh, D. W. (and J. E. Gates, and J. Cosh): Carcinoid heart disease. 369. 


R 


Robb, D. (and J. B. Lowe, J. C. P. Williams, and D. Cole): Congenital diverticulum of the left ventricle. 101. 
Roesler, H.: High chest leads and minor myocardial infarctions. 407. 
Rose, G. A. (and Wilson, R. R.): Unexplained heart failure in the aged. 511. 


Ss 


Sandler, Gerald: The effect of thyrotoxicosis on the electrocardiogram. 111. 

Scherf, D. (and A. Schott): Further observations on coupled extrasystoles and automatic ventricular rhythms. 177. 

Schlesinger, Paul (and Aaron Burlamaqui Benchimol, and Raymundo Dias Carneiro): Post-partum heart disease. 89. 

Schott, A. (and D. Scherf): Further observations on coupled extrasystoles and automatic ventricular rhythms. 177. 

Schroder, T. T. (and F. S. P. Van Buchem, and E. A. Schroder): Endocardial fibro-elastosis in adolescents and 
adults. 329. 

Seldon, W. A. (and J. B. Hickie, and E. P. Geage): Measurement of cardiac output using a radioisotope and scintilla- 
tion counter. 401. 

Selzer, Arthur (and H. N. Hultgren, C. L. Ebnother, H. W. Bradley, and A. O. Stone): Effect of digoxin on the 
circulation in normal man. 335. 

Shillingford, J. P. (and S. H. Taylor): Clinical applications of Coomassie blue. 497. 

Sladden, G. A. (and D. Emslie-Smith, and G. R. Stirling): The significance of changes in the electrocardiogram in 
hypothermia. 343. 

Smith, W. G. (and J. C. Leonard): Radiological features of syphilitic aortic incompetence. 162. 

Snow, P. J. D. (and D. E. Anderson): Iproniazid in the treatment of angina of effort. 323. 

Séderholm, Bror (and Lars Werk6): Acetylcholine and the pulmonary circulation in mitral valve disease. 1. 

Steen, R. E.: Hunter’s polydystrophy (gargoylism) with cardiac lesions and formes frustes. 269. 

eae R. (and D. Emslie-Smith, and G. E. Sladden): Significance of changes in the electrocardiogram in hypo- 
thermia. 343. 

Stone, A. O. (and Arthur Selzer, C. L. Ebnother, H. N. Hultgren, and H. W. Bradley): Effect of digoxin on the circu- 

___ lation in man. 335. 
Swithinbank, J. M.: Perforation of the interventricular septum in myocardial infarction. 562. 


T 


Taylor, S. H. (and J. M. Thorp): Properties and biological behaviour of Coomassie blue. 492. 

—— (and J. P. Shillingford): Clinical applications of Coomassie blue. 497. 

Thorp, J. M. (and S. H. Taylor): Properties and biological behaviour of Coomassie blue. 492. 

Thorson, Ake (and Olaf Nordenfelt): Development of valvular lesions in metastatic carcinoid disease. 243. 

Tlusty, Tadeusz: Idiopathic myocarditis involving the bundle of His. 145. 

Torres, R. V. R. (and J. Mackinnon, E. G. Wade, and C. F. G. Vickers): Persistence of right ventricular hypertrophy 
following mitral valvotomy. 381. 








596 INDEX OF AUTHORS 


Towers, M. (and R. Emanuel, and Lawson McDonald): Aspects of pulmonary blood flow in atrial septal defect. 279, 
Towers, R. P. (and R. Mulcahy): Endocardial fibro-elastosis in a young adult. 567. 
Tregillus, J. (and P. N. Coleman, and A. W. B. Edmunds): Primary pulmonary hypertension in three sibs. 81. 





ij 


Van Buchem, F. S. P. (A. Arends, and E. A. Schroder): Endocardial fibro-elastosis in adolescents and adults. 229, 
Vickers, C. F. H. (and R. V. R. Torres, J. Mackinnon, and E. G. Wade): Persistence of right ventricular hypertrophy 
following mitral valvotomy. 381. 


Ww 


Wade, E. G. (and R. V. R. Torres, J. Mackinnon, and C. F. H. Vickers): Persistence of right ventricular hypertrophy 
following mitral valvotomy. 381. 

Wade, W. G.: Pathogenesis of infarction of the right ventricle. 545. 

Werk6, Lars (and Bror Séderholm): Acetylcholine and the pulmonary circulation in mitral valve disease. 1. 

Williams, J. C. P. (and J. B. Lowe, D. Robb, and D. Cole): Congenital diverticulum of the left ventricle. 101. 

Wilson, R. R. (and G. A. Rose): Unexplained heart failure in the aged. S511. 

Wood, Paul (and H. A. Fleming): The myocardial factor in mitral valve disease. 117. 

Wright, J. H. (and A. J. V. Cameron, and T. D. V. Lawrie): A twin oscilloscopic vectorcardiograph. 505. 
















AAADADRADA A ANAANAA ANANNA 





ophy 











INDEX OF SUBJECTS 


A 


Abstracts of Cardiology. 586. 

Acetylcholine and the pulmonary circulation in mitral valve disease (Bror S6derholm and Lars Werk36). 1. 

African. Unexplained electrocardiogram in the (S. J. Powell). 263. 

Aged. Unexplained heart failure in the (G. A. Rose and R. R. Wilson). 511. 

Amisometradine (rolicton) in the treatment of congestive heart failure. Margaret M. Platts. 249. 

Aneurysm of aorta associated with Goldblatt kidney (G. D. Owen and P. N. Coleman). 570. 

Aneurysms into the gut. Rupture of (G. A. Gresham and H. R. M. Johnson). 518. 

Aneurysm of the aorta associated with congenital pulmonary valvular stenosis. Dissecting (Byron Evans and T. M. 
Dauncey). 139. 

Angina of effort. A clinical trial of penta-erythritol tetranitate, a khellin derivative (recordil) and iproniazid in 
(H. A. Dewar, A. R. Horler, and D. V. Newell). 315. 

Angina of effort. Iproniazid in the treatment of (P. J. D. Snow and D. E. Anderson). 323. 

Annular constrictive pericarditis (P. Mounsey). 325. 

Anomalous origin of the left coronary artery from the pulmonary artery (John D. Keith). 149. 

Aortic and mitral valve. Tomography of calcified (Paget Davies and N. L. Bucky). 17. 

Aortic arch. Congenital kinking of the (J. N. Pattinson and R. G. Grainger). 555. 

Aortic stenosis. Effort syncope in (David Leak). 289. 

Aorto-pulmonary anastomosis for four years. Pulmonary vascular changes in a dog after (D. Heath, D. E. Donald, 
and J. E. Edwards). 187. 

Assessment of mitral valve disease by left heart catheterization (E. W. Hancock). 389. 

Atheroma in the cockerel. Effect of doisynolic acid on experimental (R. S. F. Campbell, T. D. V. Lawrie, J. C. 
MacLaurin, and R. Pirrie). 275. 

Atrial septal defect. Aspects of pulmonary blood flow in (Lawson McDonald, Richard Emanuel, and Malcolm 
Towers). 279. 

Atrial sound and the atrial component of the first heart sound (Priscilla Kincaid-Smith and John Barlow). 470. 

Atrial sound in hypertension and ischemic heart disease (Priscilla Kincaid-Smith and John Barlow). 479. 


B 


Blood pressure. Heart failure in patients with high (J. N. Mickerson). 218. 
Brown, James. 284. 


© 


Carcinoid disease. Development of valvular lesions in metastatic (Ake Thorson and Olaf Nordenfelt). 243. 

Carcinoid heart disease (J. Cosh, J. E. Gates, and D. W. Pugh). 369. 

Cardiac involvement in erythema nodosum with pulmonary tuberculosis (J. W. B. Forshaw). 142. 

Cardiac movement and sounds. Precordial pulsations in relation to (P. Mounsey). 457. 

Cardiac output using a radioisotope and scintillation counter. The measurement of (W. A. Seldon, J. B. Hickie, 

and E. P. Geage). 401. 

Cardiogram of congenital and acquired right ventricular hypertrophy (J. F. Goodwin and Z. H. Abdin). 523. 

Cardio-arterial disease. Polythelia in (William Evans). 130 

Cardiomyopathy. Electrocardiogram in alcoholic (William Evans). 445. 

Catheterization. Assessment of mitral valve disease by left heart (E. W. Hancock). 389. 

Ceylonese. Endomyocardial fibrosis in the (N. Nagaratnam and R. V. P. Dissanayake). 167. 

Circulation in normal man. Effect of digoxin on the (Arthur Selzer, H. N. Hultgren, C. L. Ebnother, H. W. Bradley, 
_, and A. O. Stone). 335. 

Clinical trial of penta-erythritol tetranitrate, a khellin derivative (recordil) and iproniazid in angina of effort (H. A. 
__ Dewar, A. R. Horler, and D. V. Newell). 315. 

Clinical uses of oximetry (M. Mcllroy). 293. 

Congenital diverticulum of the left ventricle (J. B. Lowe, J. C. P. Williams, D. Robb, and D. Cole).| 101. 

Congenital heart disease and situs inversus in sibs (Maurice Campbell). 65. 

Congenital heart disease in children born in Gothenburg 1941-1950. The incidence of (Lars-Erik Carlgren). 

Congenital heart disease. Studies in pulmonary hypertension in (Howard B. Burchell). 255. 

Congenital heart malformations. Some possible causes of (G. E. H. Foxon). 51. 

Congenital kinking of the aortic arch (J. N. Pattinson and R. G. Grainger). 555. 

Constrictive pericarditis (T. M. D. Gimlette). 9. 

Constrictive pericarditis. Annular (P. Mounsey). 325. 


597 





40. 








598 SUBJECT INDEX 


Coomassie blue. Clinical application of (S. H. Taylor and J. P. Shillingford). 497. 

Coomassie blue. Properties and biological behaviour of (S. H. Taylor and J. M. Thorp). 492. 
Coronary artery from the pulmonary artery. Anomalous origin of the left (John D. Keith). 149. 
Cuvette of high sensitivity for indicator dilution curves. A stable (John Norman). 107. 


D 


de Vieussens on mitral stenosis. Raymond (C. E. Kellett). 440. 

Digoxin on the circulation in normal man. Effect of (Arthur Selzer, H. N. Hultgren, C. L. Ebnother, H. W. Bradley, 
and A. O. Stone). 335. 

Dilution curves. A stable cuvette of high sensitivity for indicator (John Norman). 107. 

Dissecting aneurysm of aorta associated with Goldblatt kidney (G. D. Owen and P. N. Coleman). 570. 

Diverticulum of the left ventricle. Congenital (J. B. Lowe, J. C. P. Williams, D. Robb, and D. Cole). 101. 

Doisynolic acid on experimental atheroma in the cockerel. Effect of (R. S. F. Campbell, T. D. V. Lawrie, J. C. 
MacLaurin, and R. Pirrie). 275. 


E 


Effort syncope in aortic stenosis (D. Leak). 289. 

Electrocardiographic changes during positive acceleration (M. K. Browne and J. T. Fitzsimmons). 23. 
Electrocardiograms in the African. Unexplained (S. J. Powell). 263. 

Electrocardiogram of alcoholic cardiomyopathy (William Evans). 445. 


Electrocardiogram of congenital and acquired right ventricular hypertrophy. N.F. Goodwin and Z.H. Abdin. 523. 


Electrocardiogram. The effect of thyrotoxicosis on the (Gerald Sandler). 111 

"~~ in hypothermia. The significance of changes in the (D. Emslie-Smith, G. E. Sladden, and G. R 
Stirling). 343. 

Endocardial fibro-elastosis in a young adult (R. Mulcahy and R. P. Towers). 567. 

Endocardial fibro-elastosis in adolescents and adults (F. S. P. Van Buchem, A. Arends, and E. A. Schroder). 229. 

Endomyocardial fibrosis in the Ceylonese (N. Nagaratnam and R. V. P. Dissanayake). 167. 

Erythema nodosum with pulmonary tuberculosis. Cardiac involvement in (J. W. B. Forshaw). 142. 


F 


Fibro-elastosis in adolescents and adults. Endocardial (F. S. P. Van Buchem, A. Arends, and E. A. Schroder). 229. 


Fibro-elastosis in a young adult. Endocardial (R. Mulcahy and R. P. Towers). 567. 

First heart sound. Atrial sound and the atrial component (Priscilla Kincaid-Smith and J. Barlow). 470. 

Formes frustes. Hunter’s polydystrophy (gargoylism) with cardiac lesions and (R. E. Steen). 269. 

Further observations on coupled extrasystoles and automatic ventricular rhythms (A. Schott and D. Scherf). 177. 


G 


Gargoylism with cardiac lesions and formes frustes. Hunter’s polydystrophy (R. E. Steen). 269. 

Genetics of congenital heart disease and situs inversus in sibs (Maurice Campbell). 65. 

Goldblatt kidney. Dissecting aneurysm of aorta associated with (G. D. Owen and P. N. Coleman). 570. 
Gothenburg 1941-1950. The incidence of congenital heart disease in children born in (Lars-Erik Carlgren). 49. 


H 


Hay, John. 573. 

Heart block. Spontaneous capillary pulsation in complete (C. A. MacGregor). 225. 

Heart disease. Carcinoid (J. Cosh, J. E. Gates, and D. W. Pugh). 369. 

Heart disease. Post-partum (A. B. Benchimol, R. D. Carneiro, and P. Schlesinger). 89. 

Heart failure in the aged. Unexplained (G. A. Rose and R. R. Wilson). 411. 

High chest leads and minor myocardial infarction (H. Roesler). 407. 

Heart failure. Amisometradine (Rolicton) in the treatment of congestive (Margaret M. Platts). 249. 
Heart failure in patients with high blood pressures (J. N. Mickerson). 218. 

Heart lung coefficient in older people (Nairn R. Cowan). 238. 

Hunter’s polydystrophy (Gargoylism) with cardiac lesions and formes frustes (R. E. Steen). 269. 
Hypertension and ischemic heart disease. Atrial sound in (Priscilla Kincaid-Smith and John Barlow). 479. 


Hypértension and unilateral renal disease treated by nephrectomy (D. M. Douglas, K. G. Lowe, and R. G. Mitchell). 
361. 


Hypertension in three sibs. Primary pulmonary (P. N. Coleman, A. W. B. Edmunds, and J. Tregillus). 81. 
Hypertension. Observations on hypoxic (W. C. Boake, R. Daley, and I. K. R. McMillan). 31. 

Hypertrophic infundibular stenosis complicating simple pulmonary valve stenosis (A. M. Johnson). 429. 
Hypertrophy. Cardiogram of congenital and acquired right ventricular (J. F. Goodwin and Z. H. Abdin). 523. 


Hypothermia. The significance of changes in the electrocardiogram in (D. Emslie-Smith, G. E. Sladden, and G. R. 


Stirling). 343. 
Hypoxic pulmonary hypertension. Observations on (W. C. Boake, R. Daley, and I. K. R. McMillan). 31. 





Idio 
Infa 
Infu 
Inte 
Ipre 


Ipre 
Isch 


Khe 
Kin 


Les 





23. 


29, 


Il). 








SUBJECT INDEX 


I 


Idiopathic myocarditis involving the bundle of His (Tadeusz Tlusty). 145. 

Infarction of the right ventricle. Pathogenesis of (W. G. Wade). 545. 

Infundibular stenosis complicating simple pulmonary valve stenosis (A. M. Johnson). 429. 

Interventricular septum in myocardial infarction. Perforation of the (J. M. Swithinbank). 562. 

Iproniazid in angina of effort. A clinical trial of penta-erythritol tetranitrate, a khellin derivative (recordil) and 
(H. A. Dewar, A. R. Horler, and D. V. Newell). 315. 

Iproniazid in the treatment of angina of effort (P. J. D. Snow and D. E. Anderson). 323. 

Ischemic heart disease. Atrial sound in hypertension and (Priscilla Kincaid-Smith and John Barlow). 479. 


K 
Khellin derivative (recordil) and iproniazid in angina of effort. A clinical trial of penta-erythritol tetranitrate, a 
(H. A. Dewar, A. R. Horler, and D. V. Newell). 315. 
Kinking of the aortic arch. Congenital (J. N. Pattinson and R. G. Grainger). 555. 


L 
Less common forms of pulmonary hypertension (William Evans). 197. 


M 


Malformations. Some possible causes of congenital heart (G. E. H. Foxon). 51. 

Measurement of cardiac output using radioisotope and a scintillation counter (W. A. Seldon, J. B. Hickie, and E. P. 
Geage). q 

Measurement of the error in Wilson’s central terminal (G. E. Douor, J. A. Osborne, and A. D. Moore). 352. 

Mitral restenosis (G. C. Patterson and J. R. Marshall). 174. 

Mitral stenosis. Raymond de Vieussens on (C. E. Kellett). 440. 

Mitral valve disease by left heart catheterization. Assessment of (E. W. Hancock). 389. 

Mitral valve disease. Acetylcholine and the pulmonary circulation (Bror S6derholm and Lars Werk6). 1. 

Mitral valve disease. The myocardial factor in (H. A. Fleming and Paul Wood). 117. 

Mitral valve. Tomography of calcified aortic and (Paget Davies and N. L. Bucky). 17. 

Mitral valvotomy. Persistence of right ventricular hypertrophy following (R. V. R. Torres, J. Mackinnon, E. G. 
Wade, and C. F. H. Vickers). 381. 

Mitral valvotomy. Tricuspid incompetence following successful (Patrick Mounsey). 123. 

Myocardial factor in mitral valve disease (H. A. Fleming and Paul Wood). 117. 

Myocardial infarctions. High chest leads and minor (H. Roesler). 407. 

Myocardial infarction. Perforation of the interventricular (J. M. Swithinbank). 562. 


N 
Nephrectomy. Hypertension and unilateral renal disease treated by (D. M. Douglas, K. G. Lowe, and R. G. 
Mitchell). 361. 
oO 


Oscilloscopic vectorcardiograph. A twin (A. J. V. Cameron, T. D. V. Lawrie, and J. H. Wright). 505. 
Oximetry. Clinical uses of (M. McIlroy). 295. 


P 


Pathogenesis of infarction of the right ventricle (W. G. Wade). 545. 

Penta-erythritol tetranitrate, a khellin derivative (recordil) and iproniazid in angina of effort. A clinical trial of 
(H. A. Dewar, A. R. Horler, and D. V. Newell). 315. 

Perforation of the interventricular septum in myocardial infarction (J. M. Swithinbank). 562. 

Pericarditis. Constrictive (T. M. Gimlette). 9. 

Persistence of right ventricular hypertrophy following mitral valvotomy (R. V. R. Torres, J. Mackinnon, E. G. Wade, 
and C. F. H. Vickers). 381. 

Poiydystrophy (Gargoylism) with cardiac lesions and formes frustes. Hunter’s (R. E. Steen). 269 

Polythelia in cardio-arterial disease (William Evans). 130. 

Post-partum heart disease (A. B. Benchimol, R. D. Carneiro, and P. Schlesinger). 89. 

Precordial pulsations in relation to cardiac movement and sounds (Patrick Mounsey). 457. 

Primary pulmonary hypertension in three sibs (P. N. Coleman, A. W. B. Edmunds, and J. Tregillus). 81. 

Proceedings of the British Cardiac Society. 578. 

Pulmonary artery. Anomalous origin of the left coronary artery from the (J. D. Keith). 149. 

ee oe in atrial septal defect. Aspects of (Lawson McDonald, Richard Emanuel, and Malcolm 

owers). 279. 





600 SUBJECT INDEX 


Pulmonary circulation in mitral valve disease. Acetylcholine and the (Bror Séderholm and Lars Werk6). 1. 

Pulmonary hypertension in congenital heart disease. Studies in (H. B. Burchell). 255. 

Pulmonary hypertension. The less common forms of (William Evans). 197. 

Pulmonary stenosis. Valvotomy as a curative operation for simple (Maurice Campbell). 415. 

Pulmonary valvular stenosis. Dissecting aneurysm of the aorta associated with congenital (Byron Evans and T. M. 
Dauncey). 139. 

Pulmonary vascular changes in a dog after aorto-pulmonary anastomosis for four years (D. Heath, D. E. Donald, 
and J. E. Edwards). 187. 

Pulmonary valve stenosis. Hypertrophic infundibular stenosis complicating simple (A. M. Johnson). 429. 


R 


Radioisotope and a scintillation counter. Measurement of cardiac output using a (W. A. Seldon, J. B. Hickie, and 
E. P. Geage). 401. 

Radiological features of syphilitic aortic incompetence (W. G. Smith and J. C. Leonard). 162. 

Recordil, and iproniazid in angina of effort. A clinical trial of penta-erythritol tetranitrate, a khellin derivative 
(H. A. Dewar, A. R. Horler, and D. V. Newell). 315 

Renal disease treated by nephrectomy. Hypertension and ‘unilateral (D. M. Douglas, K. G. Lowe, and R. G. 
Mitchell). 361. 

Restenosis. Mitral (G. C. Patterson and J. R. Marshall). 174. 

Right ventricle. Pathogenesis of infarction of the (W. G. Wade). 545. 

Rolicton in the treatment of congestive heart failure. Amisometradine (Margaret M. Platts). 249. 

Rupture of aortic aneurysm into the gut (G. A. Gresham and H. R. M. Johnson). 518 


Ss 


Scintillation counter. Measurement of cardiac output using a radioisotope and a (W. A. Seldon, H. B. Hickie, and 
E. P. Geage). 401. 

Situs inversus in sibs. The genetics of congenital heart disease and (Maurice Campbell). 65. 

Spontaneous capillary pulsation in complete heart block (C. A. MacGregor). 225. 

Stott, Sir Arnold. 137 

Syphilitic aortic incompetence. Radiological features of (W. H. Smith and J. C. Leonard). 162. 


Fr 
Thyrotoxicosis on the electrocardiogram. The effect of (G. Sandler). 111. 
Tomography of calcified and mitral valve (Paget Davies and N. L. Bucky). 17. 
Tricuspid incompetence following successful mitral valvotomy (Patrick Mounsey). 123. 


Vv 
Valvotomy as a Curative operation for simple pulmonary stenosis (Maurice Campbell). 415. 
Valvular lesions in metastatic carcinoid disease. Development of (Ake Thorson and Olaf Nordenfelt). 243. 
Vectorcardiograph. A twin oscilloscopic (T. D. V. Lawrie and J. H. Wright). 505. 
Ventricular hypertrophy following mitral valvotomy. The persistence of (R. V. R. Torres, J. Mackinnon, E. G. 
Wade, and C. F. H. Vickers). 381. 
Ventricular rhythms. Further observations on coupled extrasystoles and automatic (A. Schott and D. Scherf). 177. 


WwW 
Wilson’s central terminal. Measurement of the error in (G. E. Douor, J. A. Osborne, and A. D. Moore). 352. 








